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ABSTRACT 
The Pre-Pottery Neolithic period (ca. 11,700-8250 cal. B.P.) marks an era of 
monumental social and economic development in Southwest Asia. The beginnings of 
cultivation transformed subsistence practices in the region, reflecting both changes in 
human diet and the activities of collecting, preparing, and consuming plant foods. 
Archaeobotanical studies have provided critical evidence of the physiological processes 
of plant domestication, yet so far have rarely shed light on the specific tasks associated 
with early agriculture in the southern Levant. 
The site of el-Hemmeh, located in central Jordan, offers a unique perspective on 
the development of agriculture as it is one of the few archaeological sites occupied during 
both the Pre-Pottery Neolithic A (ca. 11,700-10,500 cal. B.P.) and Late Pre-Pottery 
Neolithic B (ca. 9250-8700 cal. B.P .) period~. This dissertation presents macro botanical 
evidence collected from el-Hemmeh using a novel flotation tank design to recover 
charred plant remains from a total of 15 PPNA contexts and 32 Late PPNB contexts. 
Vlll 
These plant remains are pertinent to understanding the mechanisms of early Neolithic 
plant domestication and the local environmental setting in which cultivation occurred at 
el-Hemmeh. 
The assemblage provides evidence of the purposeful cultivation of 
predomesticated barley during both the PPNA and Late PPNB periods, as well as fully 
domesticated emmer wheat during the Late PPNB. Many of the weedy, opportunistic 
plant species found in the PPNA deposits are edible or useful medicinally and may have 
been collected as secondary food sources alongside cultivated plants. Additionally, ripped 
cereal chaff and large numbers of broken grains provide evidence of routine cereal 
processing tasks, including harvesting, threshing, dehusking, and intensive grain grinding 
during the Late PPNB. This research answers calls by archaeologists to identify the ways 
in which large-scale economic changes of the Neolithic are reflected at the local level 
through an examination of context-by-context patterns in macro botanical data reflecting 
plant processing, cooking, and discard activities at el-Hemmeh. 
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Chapter One. Introduction and Research Overview 
1.1 Introduction 
The Pre-Pottery Neolithic period (ca. 11,700-8250 cal. B.P.) marks an era of 
monumental social and economic development in Southwest Asia. The beginnings of 
cultivation transformed subsistence practices in the region, reflecting both changes in 
human diet and the activities of collecting, preparing, and consuming plant foods. A 
growing body of research suggests that the development of plant cultivation in the region 
over 10,000 years ago was a complex and protracted process lasting thousands of years 
(Fuller et al. 2012; Asouti and Fairbairn 2010; Allaby 2010). 
The cultivation of plants is first evidenced during the Pre-Pottery N eolitbic A 
(PPNA) (ca. 11,700-10,500 cal. B.P.), where a diet primarily composed of wild plant 
foods was supplemented by small-scale cultivation of cereals and possibly legumes 
(K.islev 1997; Edwards et al. 2004; Colledge 1994). Macrobotanical data from tbis period 
provide evidence for a transitional stage in plant domestication, known as 
predomestication, in wbich cereals such as barley exhibited some wild and domesticated 
traits si.nJ.ultaneously (Allaby 2010; Willcox et al. 2008; Fuller 2007; Hillman et al. 2001; 
Hillman and Davies 1999). No fully domesticated plant species have been identified in 
the southern Levant prior to the Pre-Pottery Neolithic B, where several sites dating to the 
Late PPNB (ca. 9250-8700 cal. B.P.) provide macrobotanical evidence for a subsistence 
economy based on a crop package of fully domesticated cereals and legumes (Asouti and 
Fuller 2012). 
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While archaeo botanical studies have provided substantial evidence for the 
morphological changes associated with plant domestication (e.g., a tough rachis), they 
have so far have rarely been extended to shed light on the suite of activities involved in 
early cultivation (e.g., harvesting, threshing, processing, etc.) and how these activities 
developed as early Neolithic plant cultivation efforts intensified. Additionally, few 
archaeo botanical publications have presented the conte:xi.ual associations of plant remains 
recovered from archaeological deposits in the southern Levant, hindering interpretations 
of plant processing, cooking, and discard activities. Recently archaeobotanists have 
aslvocated a contextual approach to archaeobotanical analysis in the southern Levant 
(Asouti and Fairbairn 201 0; Asouti and Fuller 2012) in order to build upon traditional 
points of investigation (e.g., plant domestication) and develop interpretations of 
cultivation practices through the comprehensive sampling of both in situ and generalized 
fill deposits uncovered at Neolithic sites. 
I. 2 Goals of the Study 
The objectives of this study center on the recovery, analysis, and interpretation of 
macro botanical remains from the PPNA and Late PPNB archaeological deposits at the 
site of el-Hemmeh, Jordan (Figure 1.1, Table 1.1). The research goals of this project 
begin with the established objectives of archaeobotanical inquiry, including 1) the 
systematic collection of carbonized botanical remains, 2) the microscopic analysis and 
identification of non-wood plant material (e.g., seeds, nuts, chaff, pods, etc.), and 3) an 
assessment ofmacrobotanical results by context type and level of preservation. Three 
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broader research objectives are then addressed to examine Neolithic subsistence 
strategies at el-Hemmeh: 4) an investigation of cultivation practices and the exploitation 
of wild plant resources during the PPNA and Late PPNB occupations, 5) an evaluation of 
changes in subsistence strategies through time at the site, and 6) a discussion of the 
results from el-Hemmeh within the larger regional picture ofNeolithic archaeology. 
1.3 Overview ofProject 
The research presented in this dissertation is the based on three years (2004-2007) 
of archaeobotanical work at the Pre-Pottery Neolithic site of el-Hemmeh, located in west-
central Jordan. El-Hemmeh offers a unique perspective on the development of plant 
cultivation as it is one of the few sites with archaeological deposits dating to both the 
PPNA and Late PPNB periods, with these occupations separated by approximately 1200 
years (Makarewicz et al. 2006). Excavations of the PPNA deposits have revealed at least 
three semi-subterranean circular structures containing stratified cultural deposits and 
features such as hearths, storage bins, and human burials (Makarewicz 2010). The 
extensive occupation dating to the Late PPNB is evidenced by nearly 3 00 m2 of 
excavated architecture consisting primarily of rooms featuring plaster floors and small 
spaces inter_Preted as storage areas (Makarewicz and Austin 2006; Makarewicz 2010). 
Complex sequences of use, abandonment, renovation, and reuse are visible in the Late 
PPNB archaeological deposits, although it is likely that the preserved architecture 
represents only the ground-floor of a multi-storied site. 
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From the beginning of excavations at el-Hemmeh, the retrieval of plant remains 
has been a primary focus. A comprehensive sampling strategy was employed in order to 
sample from many types of archaeological sediments and build up a reservoir of 
accessible samples for future research projects. The collection of macro botanical remains 
has focused on both vertical and spatial sampling of diverse cultural deposits (i.e., 
hearths, floor surfaces, middens, structure fills) and careful recording of provenience 
information. The extraction of charred plant remains from archaeological sediments was 
carried out primarily through flotation using an "evolvir1g recovery strategy" (Hageman 
and Goldstein 2009: 2849) in which multiple recovery techniques were used to determine 
the best fit for the site. Problems with traditional flotation systems led to the development 
of a new flotation design using a manual bilge pump (Shelton and Whlte 2010). 
Charred macrobotanical remains from 15 PPNA context and 32 Late PPNB 
contexts (47 contexts total) were analyzed during the course ofthis research, focusing on 
the identification of non-wood plant material including seeds, chaff, nuts, and fruits 
(wood charcoal is being independently analyzed by E. Asouti at the University of 
Liverpool). Assemblages of plant remains were analyzed by context to examine 
variations in preservation and botanical composition, and to elucidate depositional 
patterns related to deposit type (e.g., similarities in midden assemblages) and location 
(e.g., similarities in samples from a particular structure or space). In addition to species 
identification, botanical specimens were also examined for evidence of processing- rips, 
tears, and fragments suggesting the remains of food preparation activities. Archaeological 
specimens from el-Hemmeh were then compared with published evidence of plant 
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processing from other Neolithic sites (Tanno and Willcox 2012; Valamoti 2011; 
Valamoti et al. 2011 ), as well as the results of modem harvesting and processing 
experiments conducted by the author (Lindberg and White 2011; White and Makarewicz 
2012) to interpret the specific types of plant processing tasks carried out at the site. A 
more detailed discussion of these results, as well as the larger research aims of the 
dissertation, are discussed below. 
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Figure 1.1 Map of region indicating the location of el-Hemmeh (in bold; marked by a 
star) and the PPNA sites (italicized; marked by a diamond) and Late PPNB sites (marked 
by a circle) discussed in the text. 
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Table 1.1 Chronology of the late Epipaleolithic, Pre-Pottery Neolithic, and Neolithic 
periods for the southern Levant (after Kuijt and Goring-Morris 2002: 366). 
Late 
Eptpaleolithic 
Pre-Pottery 
Neolithic 
Late Na.tufia.n 12,500-11,700 caL B.P. 
Pre-Pottery Neolithic A 
(PPNA) 11,700-10,500 cal. B.P. 
.. ··---· ··••· ---~-~-~-·-~· -······~-,~-··· ··-·-·--· -~--·.-<•' -. ~ . ••··· 
\ 
Pottery 
Neolithic 
Early Pre-Pottery Neolithic B 
(Early PPNB) 
Middle Pre-Pottery Neolithic B 
(Middle PPNB) 
Late Pre-Pottery N eoUthjc B 
(LatePPNB) 
P.re-Pottery Neolithic C 
(PPNC/Final PPNB) 
Pottery Neolithic 
1.4 Outline of Dissertation 
10,500-10,100 cal. B.P. 
10,100-9250 cal. B.P. 
9250-8700 cal. B.P. 
8700-8250 cal. B.P. 
8250-7800 cal. B.P. 
Following the introduction, the geographical, paleoenvironmental, and 
archaeological settings for this research project are presented in Chapters 2 and 3. 
Chapter 2, The Natural Environment, provides a discussion of the complex geological 
history of the Wadi el-Hasa formation and a description of the dynamic topography of the 
region. The modem vegetation surrounding the site is detailed using information from 
both published reports (Zohary 1962, 1973; al-Eisawi 1985; Harlan 1982) as well as the 
results of an extensive botanical survey conducted by the author in 2007. Given the large 
amount of erosion caused by recent overgrazing and modem construction projects, 
historical accounts of nineteenth-century explorers have also been consulted to better 
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understand the types of plant communities once present in the area. Following this 
discussion of modem vegetation, an examination of multi-proxy paleoenvironmental 
evidence is presented to suggest types of vegetation likely present in the region during the 
early Holocene. 
Chapter 3, The Archaeology of el-Hemmeh, provides an overview of the 
excavations at the site from 2004 to 2007. Excavation methods, as well as the results of 
four seasons of investigation, are detailed in this chapter. The discussion focuses on a 
summary of the complex stratigraphy ofthe site and outlines the archaeological fmdings 
from three PPNA structures and 12 architectural spaces dating to the Late PPNB period, 
paying special attention to sequences of abandonment, infilling and reuse, as well as 
archaeological interpretations presented by the excavators and site director. 
In Chapter 4, the methodology of the dissertation is presented, describing both 
field methods (i.e., sampling strategy, recovery program) and lab methods (i.e., sample 
selection, sorting, and analysis) used during this research. Specifically, the criteria used to 
identify botanical specimens are defmed as well as the methods of data quantification. 
Five calculations were used to analyze the macro botanical dataset: absolute counts and 
weights, whole seed equivalents and rates of fragmentation, ubiquity, ratios and densities, 
and percentage composition. 
Results from the analysis of25 flotation samples from the PPNA deposits at el-
Hemmeh are discussed in detail in Chapter 5, The PPNA Macro botanical Assemblage. 
First, an overview of the assemblage is presented containing a summary of each plant 
taxa category analyzed (e.g., cereals, legumes, wild grasses, etc.) followed by the 
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presentation of absolute counts and weights for the 3,844 non-wood plant specimens 
identified during analysis. A detailed description of each PPNA archaeological context is 
then provided based on excavators' notes concerning sediment types, recovered artifacts, 
and relationships to surrounding deposits. Following each context description, a 
discussion of the plant remains recovered from the context and an interpretation of the 
assemblage composition is presented, with additional thoughts concerning issues of 
botanical preservation and levels of post-depositional disturbance. 
Chapter 6 presents and discusses the results of the Late PPNB macrobotanical 
analysis. The same format is followed as in Chapter 5, 1vith an overview of the plant 
assemblage and a presentation of the absolute counts and weights of 4,820 identified non-
wood plant specimens from 32 Late PPNB archaeological contexts. A description of each 
context and its macro botanical assemblage is then provided, with deposits organized by 
spatial number to better understand the complex stratigraphy of each excavated area. 
Results of the macro botanical analysis from el-Hemmeh are placed within a larger 
regional framework of published Neolithic data in Chapter 7, el-Hemmeh in Context: 
Preservation, Environment, and Subsistence. Thiee critical themes are discussed in detail: 
1) formation processes of the macrobotanical record, 2) local vegetation reconstruction of 
the Wadi el-Hasa, and 3) evidence for PPNA and Late PPNB subsistence practices at the 
site. The first section ofthe chapter discusses site-specific methods ofmacrobotanical 
deposition, types of charring events, contextual issues, post-depositional factors affecting 
preservation, and macro botanical preservation rates across the site. The second section 
deals with the reconstruction of plant communities surrounding el-Hemmeh and presents 
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habitat preference data for over 50 of the plant taxa identified in the assemblage. This 
paleovegetation reconstruction is then compared with archaeobotanical data from other 
PPNA and Late PPNB sites in the southern Levant. In addition to classifying wild plants, 
this section discusses weedy species that may have advanced into cultivated fields from 
the surrounding environment, as well as weedy species that arrived with fully 
domesticated crops. 
The third section of Chapter 7 focuses on subsistence practices and, after a short 
summary, is divided into a number of discussion points. First, evidence of barley 
predomestication during the PPNA is detailed, followed by an overview of evidence for 
cereal domestication and an emerging agropastoral economy during the Late PPNB. 
Evidence for harvesting, food processing, and cooking is then provided for both periods, 
paying special attention to the suite of activities involved in cereal processing. The fmal 
portion of this chapter is devoted to the consumption of wild plant foods, and many 
species identified at el-Hemmeh are still consumed regularly within the Wadi el-Hasa 
region (Al-Qura'n2010). 
The final Chapter 8, Concluding Thoughts, summarizes the results of this research 
project and addresses the larger implications of the macrobotanical work conducted at el-
Hemmeh. The ways in which this research furthers the current aims ofNeolithic 
archaeo botany and articulates with the greater regional picture of agricultural 
development in Southwest Asia are also discussed. Finally, a number of potential avenues 
for future research at el-Hemmeh are presented, including the further exploration of plant 
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processing activities and the integration of macro botanical data with other forms of 
analysis including faunal, microvertebrate, and micromorphological studies. 
1.5 Significance ofthe Study 
Archaeologists place considerable emphasis on the range of subsistence strategies 
utilized by human groups and have paid particular attention to identifying potential 
mechanisms behind the transition from foraging to fanning in prehistory (Boserup 1965; 
Braidwood 1948; Childe 1936; Cohen 1977; Flannery 1973; Redman 1978; Rindos 1984; 
Sauer 1952). Although the emergence of agriculture is cited as one of the most significant 
factors contributing to the development of large villages, expanding trade networks, and 
increasing social complexity in Southwest Asia (e.g., Bar-Y osef and Belfer-Cohen 1989; 
Bar-Yosef and Meadow 1995; Byrd 2005; Cauvin and 'iVatkins 2000; Kuijt and Goring-
Morris 2002; Moore 1985), little is known about how cultivation practices were 
organized and carried out, or how food processing activities were integrated into the daily 
lives of early Neolithic people (Whittle 2003; Wright 2000). 
The results of this study contribute to a growing database of Pre-Pottery Neolithic 
sites with substantial macro botanical evidence for cultivation activities and early plant 
domestication. As the only archaeological site in Jordan with cultural deposits dating to 
both the PPNA and Late PPNB periods, el-Hemmeh provides a unique setting for the 
examination of changing subsistence strategies during the Neolithic within a relatively 
constant paleoenvironmental setting. Macro botanical evidence suggests that the 
harvesting of immature predomesticated barley occurred during the PPNA, which is 
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significant because such a harvesting strategy maximizes grain yield from cereals with a 
wild-type rachis morphology and suggests intensive collection during the PPNA (White 
and Makarewicz 2012). The cultivation ofpredomesticated barley continued during the 
Late PPNB at el-Hemmeh, over a thousand years later (White and Wolff, in press). Such 
a lengthy period ofpredomestication corroborates recent assertions by archaeobotanists 
(Fuller et al. 2010; Asouti and Fuller 2012) that crop domestication was a protracted, 
multi-staged process lasting potentially thousands of years. The predomesticated barley 
from el-Hemmeh, evidence of an indigenous and localized domestication process, is 
juxtaposed with evidence for fully domesticated emmer wheat present in the Late PPNB. 
The appearance of fully domesticated wheat suggests that this crop was adopted from 
elsewhere, perhaps as part of a crop package from the north, suggesting the movement of 
cultivation technologies (and perhaps people) across the region. 
Moreover, this study helps delineate the steps involved in processing cultivated 
cereals during the early Neolithic, activities which have heretofore remained unidentified 
in the archaeobotanical record ofthe southern Levant. These activities provide evidence 
of day-to-day tasks associated with plant food preparation, including intensified grain 
grinding during the Late PPNB, and allow for a more evidence-based reconstruction of 
daily life during the Neolithic. In addition, this research makes significant contributions 
to the discipline of archaeobotany through the use of innovative methods resulting in a 
new flotation tank design (Shelton and White 2010), and context-specific analyses of 
assemblage composition and macro botanical preservation rates across the site. 
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Chapter 2. The Natural Environment 
2.1 Introduction 
This chapter addresses the setting of el-Hemmeh from the perspective of the 
surrounding environment and its available natural resources. First, the landscape history 
of the Wadi el-Hasa is discussed, focusing on aspects ofthe physical landscape including 
topographic, geologic, and hydrologic elements. The modem vegetation of the eastern 
Dead Sea escarpment and wadi system is then detailed, including the results of recent 
botanical surveys carried out around the sife of el-Hemmeh. An overview of relevant 
paleoclimatic research is then provided, drawing from various lines of evidence to 
examine paleoenvironmental conditions in the southern Levant during the early 
Holocene. 
2.2 Landscape History of the Wadi el-Hasa 
Access to the Wadi el-Hasa, a steep-sided canyon located in west-central Jordan, 
is possible only by a single road winding down from the high Kerak plateau where 
modem agricultural villages are situated. In ancient times, the Hasa region was notorious 
as a holdout against the political control of the Roman Empire and, more recently, 
Ottoman occupation ofthe region (Hill2006). The people who inhabit the area today are 
still often seen as outside the developing Jordanian economy: a mixture of settled 
nomads, Palestinian exiles, and recent Iraqi refugees. These inhabitants practice a type of 
agropastoralism that has existed in the Hasa for thousands of years- small-scale farrnillg 
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and the herding of goats and sheep. However, the Hasa is far from a static landscape; 
large-scale geological processes, significant degradation oflocal vegetation, fluctuations 
in human population, and the newly constructed Tannur Dam have altered the appearance 
of the wadi in significant ways. Reconstructions of the prehistoric Wadi el-Hasa 
necessitate consultation with a variety of sources including early travelers' accounts of 
the region, local archaeological surveys, recent phytogeographic information, 
paleoclimatic data, and studies of the area's geologic history. 
The Wadi el-Hasa stretches approximately 60 kilometers across central Jordan 
with its origin in the Arabian Desert and its end in the Dead Sea basin (Figure 2.1). The 
Hasa is the only perennial watercourse in central and southern Jordan which drains the 
central highland plateau (Schuldemein 2007: 562). As such, there is a constant trickle of 
water even during the summer months, aided by small springs along the wadi bottom. 
During the winter and spring months ofNovember through April, rainwater collects in 
the Hafrra Jins Depression and runs westward tlrrough the canyon, where it eventually 
empties out into the Dead Sea basin. As a consequence of severe water scarcity, Jordan 
has begun damming its larger wadi systems to collect runoff and pump water to heavily 
populated areas, such as Amman (McEachern 1991). One of the most noticeable recent 
developments in the Hasa is the construction of the Tannur Dam, built in 1999, which 
created a large reservoir located just half a kilometer from the archaeological site of el-
Hemmeh. While the reservoir levels have never reached the elevation of the site, much of 
the lower surrounding area (including the floodplain below, nearby spring, and steep 
ravine to the west ofthe site) has been completely inundated. 
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Wadi el-Hasa Land Region Elevation* 
Hafua Jjns Depression 900 to 800 masl 
Jordan Highland Plateau 1000 to 700 masl 
Central Limestone Plateau 1300 to 800 masl 
Southem Limestone Plateau 1736 to 1300 masl 
Jordan Valley Esca1pment 1200 to -392 masl 
Wadi Arabah Esca1pment 1250 to -100 masl 
Wadi Arabah (Dead Sea Basin) 355 to -392 masl 
*Based on information provided by tbe Intemational 
Arid Lands Consortium 2006 
Figure 2.1 The seven primary land regions of the Wadi el-Hasa (indicated by east-west 
drainage line) and their elevation ranges (meters above sea level). 
The radically diverse topography of the Wadi el-Hasa can be divided into at least 
seven distinct "land regions" illustrated in Figure 2.1 (International Arid Lands 
Consortium 2006). The easternmost region is known as· the Hafrra Jins Depression, a 
basin which lies 800-900 masl. It marks the beginning of the Upper Rasa and is the site 
of the ancient Lake Rasa of the terminal Pleistocene (Schuldenrein 2007: 562). Directly 
to the west lies the Jordanian Highland Plateau, a thin strip of hilly steppe on which non-
irrigated agriculture is possible during most years. The majority of the plateau along the 
northern bank of the wadi is the Central Highlands Dissected Limestone Plateau, which 
varies in elevation from 800 to 1300 m above sea level. This sloping terrain receives 
approximately 200-350 mm annual rainfall and is heavily cultivated for cereals, tobacco, 
sorghum, and tree crops (International Arid Lands Consortium 2006). Along the southern 
bank of the wadi, a small but dynamic area is known as the Southern Highlands Dissected 
Limestone Plateau. This area is the highest elevation in Jordan (1300-1736 m) and has 
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extremely cold winters with :frequent snow. The plains are often cultivated with cereals 
and the hill slopes with fruit orchards. 
Moving westward, the Jordan Valley Escarpment lies to the north and the Wadi 
Arabah Escarpment to the south. These regions slope steeply toward the Dead Sea basin, 
beginning at 1250 masl and ending along the Ghor Safi at-392m below sea level. The 
mouth of the Wadi el-Hasa opens out into the Wadi Arabah land region just to the south 
of the Dead Sea, at the lowest point on earth. Variations in elevation along the 
escarpment result in a complex distribution of temperature and moisture regimes ( al-
Eisawi 1985). Much of this area is nearly inaccessible to humans but is accessed by goats 
and sheep for graze and browse. Along the Dead Sea, some vegetation does grow on the 
alluvial fans of the eastern wadis, but this area is characterized as a hot desert zone which 
receives only 88 mm of rainfall per annum. All plant cultivation must be heavily irrigated 
(International Arid Lands Consortium 2006). 
The geologic history of the Wadi el-Hasa began over 800 million years ago 
during the Proterozoic period. Cambrian and Mesozoic bedrock are overlain by 
unconsolidated Pleistocene and Holocene deposits (Donahue and Beynon 1988). Initial 
downcutting of the Wadi el-Hasa, a process which continues today, began around 50 
million years ago due to repeated faulting to the north and the downdropping of the Dead 
Sea Rift (Donahue and Beynon 1988: 29). The Rasa at its westernmost point drains into 
the Dead Sea basin along the steep 1000+ m escarpment ofthe dynamic north-south Rift 
fault. The bedrock units of the Rasa were already in place before the creation of the Dead 
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Sea Rift, but severe down-dropping has had significant impacts on the development of 
the western wadi. 
The deepest layers in the local bedrock sequence date to the Upper Pre-Cambrian. 
This formation is known as the Saramuj Conglomerate and consists of a small area of red 
arkosic sandstone located just north of the Rasa wadi mouth (Donahue and Beynon 1988: 
30). The steep slope of the Dead Sea foreslope/escarpment and the western mouth of the 
Rasa dates to the Cambrian era. It is composed primarily of a red-brown arkosic 
sandstone overlying a basal arkosic conglomerate (Donahue and Beynon 1988: 30). 
Along the central and eastern areas of the Wadi el-Hasa are bedrock deposits dating to 
the Early and Late Cretaceous. The Cretaceous units, deposited as recently as 70 mya, are 
comprised of white sandstone, phosphorite, and marine limestone, which frequently 
contains nodules of chert (Schuldenrein 1998: 207). It is this bedrock which is most 
visible along the eastern portion of the wadi and on the steep slopes near the site. Next to 
el-Hemmeh is a large volcanic plug known as Jebel ed-Dakhir. This feature dates to the 
Pre-Cambrian and is a prominent feature on the local landscape, rising out of the 
surrounding eroded sandstone (USGS Jordan Geologic Resources 1998). 
Generally, younger bedrock units in the Wadi el-Hasa appear to the east. This is 
because the layers of bedrock, which dip gently to the southeast toward the Hafrra Jins 
Depression, have a greater dip than the slope of the upland surface (Donahue and Beynon 
1988: 29). The wadi reached this configuration millions of years prior to human 
occupation of the area, although Hill (2004: 74) notes that the Rasa has undergone 
repeated cycles of sedimentation and incision. Evidence of this complex sequence can be 
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seen in the aggradation of meters of alluvium over Upper Paleolithic archaeological sites, 
as well as the severe downcutting of previously aggraded deposits. Such processes are the 
result of three major factors: (1) tectonic movement, (2) climatic variation, and (3) the 
draining oflarge lakes (Donahue and Beynon 1988: 35). Tectonic movement along the 
Dead Sea Rift to the west, as well as along the Hasa fault, has caused uplift and 
downdropping within the wadi and led to significant erosion. Arid environmental 
conditions, during which time sediment load in streams is reduced, has also resulted in 
the subsequent erosion of deposits along the wadi drainage. The disappearance of large 
lakes at the end of the Pleistocene, such as Lake Lisan (60-16 kya) and Lake Hasa (70-12 
kya), also contributed to erosion through the downdropping of the Dead Sea base level 
(Donahue and Beynon 1988). These natural causes were aided by human activities during 
recent years, including intensive farming and overgrazing along hill slopes, which served 
to speed up erosion and downcutting within the wadi gorge (Hill2006). 
An important hydrologic feature of the wadi during the late Pleistocene and early 
Holocene was the extensive lake and marsh system located at the eastern end of the Hasa. 
The now-extinct Lake Hasa existed in the Hafrra Jins Depression some 70 to 12 ka as part 
of a large system of shallow lakes in eastern Jordan (Moumani et al. 2003). In arid 
conditions when lake levels decreased, a network of marshes was created and fed by 
small springs. At its most substantial, the Lake Hasa would not have been more than 20m 
deep, although it was several kilometers wide (Hill2006: 71). The lake probably began 
receding around 15 kya with intermittent drainage occurring until sometime in the middle 
Holocene. This is evidenced by the large number of Chalcolithic archeological sites 
18 
located around this and other contemporary lakes in eastern Jordan (Hill 2006). The 
intermittent presence of the Lake Rasa during the early Holocene would have created 
abundant marshland and, along with the grassland surrounding this basin, provided 
valuable natural resources to Neolithic communities. 
The Pleistocene and Holocene deposits within the Rasa gorge, located to the west 
of the lake area, are primarily composed of lacustrine, Huvial, and aeolian sediments 
(Donahue and Beynon 1988). During the late Pleistocene, sediments accumulated along 
both sides of the gorge in the eastern and central area and formed a terrace feature. This 
formation, known as the Tabaqa terrace, ranges between 20 and 60m above the modem 
wadi bottom. It is comprised of fine silty sediment with organic layers suggesting a 
fluvial and paludal system of slow sediment accumulation and marshy conditions (Hill 
2006: 75). It is on this terrace that the Late PPNB site o:fKhirbet Hammam is located, as 
well as many earlier archaeological sites. El-Hemmeh is situated on an alluvial fan in a 
similar topographic setting. 
Explorations into the complex geomorphology of the Wadi el-Hasa (Vita-Finzi 
1966; Donahue and Beynon 1988; Schuldenrein 1998; Hill2006; Schuldenrein 2007) 
have revealed the presence of marsh sediments on the Tabaqa terrace. An examination of 
nearby Wadi Numeira suggests that these wadis underwent an extended period of erosion 
and aggradation during the early Holocene, resulting in a 'bowl-shaped' profile (Hill 
2006: 79). Importantly, most of these deposits were subsequently lost to erosion over the 
past few thousand years, removing any evidence ofNeolithic sites located closer to the 
wadi bottom. Extensive erosion probably began during the Early Bronze Age, when, for 
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example, downcutting in the Wadi Numeira was caused by a 100m base level drop along 
the Dead Sea Rift (Donahue 1985; Donahue and Beynon 1988; Hill2007). The resulting 
25-50 m of downcutting led to the erosion of the floodplain and created steeply sloping 
wadi sides. 
Schuldemein (2007: 571-573) argues that the modem valley floor ofthe Wadi el-
Hasa was created during a period between the Middle Bronze Age and Early Iron Age, 
roughly 3700-2900 cal B.P., following a major high-energy event during the Early 
Bronze Age. Subsequent deposits are comprised of sands and silts eroded from the 
uplands and lake basin. The steeply incised channel in the exposed bedrock of the wadi 
floor did not occur until almost 2000 years later. 
2.3 Modern Vegetation of the Wadi el-Hasa and Environs 
The identification of modem plant species provides an important baseline from 
which to begin examination of the archaeobotanical material from el-Hemmeh. The 
author conducted a botanical survey in July of 2007 during which time several resource 
areas were surveyed along the Jordan Valley Escarpment and Central Highlands Plateau: 
(1) the Wadi Arabah/Dead Sea basin floor, also known as the Ghor; (2) the intersection of 
the Ghor and the escarpment slope, termed the foreslope; (3) the lower slope, ( 4) terrace, 
and ( 5) upper slope - all ascending elevations of the Jordan Valley Escarpment; ( 6) the 
westernmost portion of the Central Highlands Dissected Limestone Plateau; and (7) the 
denuded vegetation surrounding el-Hemmeh within a one-kilometer radius (Figure 2.2). 
These resource zones were defined by their elevation, annual temperature and 
Eastern Escarpment of the 
Southern Jordan Valley 
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Figure 2.2 Schematic of resource zones surveyed along the Jordan Valley Escarpment 
and Central Highlands Plateau: (1) the ghor and foreslo;pe, (2) the lower slope and 
terrace, and (3) the upper slope and plateau. 
precipitation level, topography, and individual plant communities. Similar work was 
conducted for some of the Early Bronze Age sites located along the Dead Sea northwest 
ofHemmeh (e.g. Harlan 1982, 1985; MacDonald 1992; McCreery 1980), but little 
attention has been paid to the plant communities within the wadi systems and those 
located at higher elevations. It is apparent from the 2007 botanical survey and an 
extensive literature review that the immediate environment surrounding el-Hemmeh 
contains vastly differing vegetation zones. Evidence of seasonal expoitation by mobile 
human populations existed in the area until recently (e.g. Harlan 1982; Kareem 2000; 
Lancaster and Lancaster 1999; Doughty 1888; Musil1928; Lancaster 1981). The 
staggered ripening times of seed, fruit, and nut resources in varying ecotones would have 
benefited a mobile subsistence strategy, while simultaneously allowing plant 
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communities to recuperate from animal grazing as people and their herds moved on to 
another resource area. 
Within six of the seven designated resource zones surveyed, circular plots with a 
1m radius were outlined and all identifiable plant species were noted and sampled (the 
survey was conducted in June 2007). Given the heavy amount of grazing which has taken 
place across much of the area, many specimens were bitten down to small, unidentifiable 
nubs and were left in place to recover. For each collection unit, the UTM coordinates, 
elevation, and slope were logged, as well as a description of the landscape, local farming 
and grazing activity, and proximity to camps and towns (Figure 2.3). Each identifiable 
species was photographed and recorded, as well as its relative abundance (Appendix A). 
For the seventh resource zone surveyed (the wadi floodplain and hill slope near el-
Hemmeh) only the dominant plant species were photographed and noted. Although the 
initial survey was in no way intensive or representative of the entire variation of 
vegetation, it does provide a basic understanding of the plant communities present and 
the current challenges these species face. 
The vegetation of Jordan is impacted by many factors: elevation, slope, 
temperature (and seasonality), soil type, rainfall (amount and annual patterning), 
groundwater level, exposure to sun and wind, human modifications to the landscape (e.g., 
ploughing, weeding, irrigation, burning, roads, campsites, trash dumping), effects of wild 
animals (e.g. rooting, grazing, burrowing) and effects of domesticated animals (e.g., 
grazing, penning, pathways, dung). Within the area surveyed in 2007, the elevation rises 
steeply from under -380 to 1073 masl. The rainy season comes during the winter and 
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spring, typically with the heaviest rains in February. This has led al-Eisawi (1985: 47) to 
designate all of Jordan as a xeric Mediterranean bioclimatic region. The upper slope and 
western plateau have been classified as part of the "arid Mediterranean bioclimate, cool 
variety" (al-Eisawi 1985: 49). 
Figure 2.3 Location of plant collection units along the Jordan Valley Escarpment and 
Central Highlands Dissected Limestone Plateau northwest of the Wadi el-Hasa (modified 
from original by Eliza Wallace). 
Precipitation on the plateau greatly varies from year to year (Miller 1991; Enzel et 
al.2003), with rainfall collecting in numerous wadis and then rushing downslope. The 
rainfall which enters the wadis often does so in the fom1 of torrential floods where "walls 
of water come crashing down through the canyons, rolling boulders and cutting away the 
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banks" (MacDonald 1992: 16). The frequency ofthese floods is dependent on the amount 
of rainfall received on the upland plateau, and is no doubt affected by the large amount of 
agriculture and pasture accelerating erosion rates. In the Ghor, Finlayson et al. (2003: 5) 
estimate the Wadi Dhra' has eroded through more than 40 m of alluvium since the PPNA 
site ofDhra' was occupied. Evidence of these floods, which vary in size but may occur 
literally hundreds oftimes each winter and spring (Harlan 1982), is visible in the form of 
large boulders strewn down the wadi bottoms and eroded, barren wadi slopes. It is 
unclear, in the Wadi el-Hasa and beyond, how destructive these floods have been in 
recent years. The early traveler H. B. Tristram describes the Wadi Dhra' in 1873 as a glen 
"deep and densely wooded with poplar, date-palms, oleanders, and semi-tropical herbage, 
overhanging a perennial stream swarming with fish" (in Harlan 1982: 72). If the floods 
occurred in the 19th century as violently as they do now, it would seem unlikely that such 
substantial vegetation could be sustained through the year. The mouth ofWadi Dhra' 
today is nearly devoid of plants, except for some oleander, and the banks are sharply 
eroded down to a gravel channel due to both flooding and irrigation. 
One of the most significant variables determining plant habitat is soil type, of 
which over 30 are recognized in the Near East (Zohary 1973: 39). These include desert 
hammadas, saline soils, loess soils, terra rossas and rendzinas, as well as rocky or sanely 
ground which support little vegetation (Zohary 1973: 39). In the Ghor and foreslope areas 
of the project, salines, sands, and hammada soils predominate (Zohary 1973). The lower 
slope consists predominantly of rock outcrops sparsely covered with thin loess deposits, 
lithosols, and regosols. Terraces and upper slopes are comprised of regosols derived from 
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calcareous limestone and loess-like sediments (Bender 1974: 190). The highest elevations 
of the upper slope and the plateau consist of yellow steppe soils and yellow 
Mediterranean soils (Moormann 1959: 37). Given the complex nature of soils within the 
project area, a brief description of soil types is provided below during discussion of each 
resource zone as it relates to individual plant communities. 
2.3.1 Ghor and Foreslope 
A number of critical events have occurred in the Ghor region affecting local 
population and industry: (1) an influx of Palestinian refugees following 1948 and 1967, 
(2) the establishment of the Potash Company and its associated city in 1976, and (3) the 
Dead Sea Highway, built in the early 1980s. As a result of these events, changes in the 
landscape have occurred on the industrial level, such as the construction ofPotash City, 
as well as at the household level, evidenced by the abandonment of traditional reed and 
mudbrick houses. Much of the irrigated arable land is utilized for vegetable crops; 
predominantly tomato and eggplant (McCreery 1980: 132). In addition, we have 
observed relatively large stands of banana trees in the Ghor and foreslope areas. Fruit 
trees are cultivated, as well as small irrigated fields ofwheat and barley (Aresvik 1976: 
142). What natural vegetation remains belongs to three zones: the saline soils restricted to 
the Lisan Peninsula, the hammada desert of the foreslope, and pockets of tropical 
vegetation near water sources such as the mouth ofthe Viladi el-Hasa (Zohary 1962: 114-
115). The former two zones are subsets of the Saharo-Sindian plant geographical group 
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while the latter is Sudanian, representing the ancient tropical vegetation of Africa and 
Arabia. 
The saline soils of the Lisan Peninsula and southeastern Dead Sea coastline 
support a halophytic vegetation regime of the Suaedetea deserti class (Zohary 1962: 137). 
The salt desert is part of the Lisan Marl Formation, composed of Pleistocene marls from 
Lake Lisan, which extends eastward to the Dana Conglomerate (Edwards et al. 2002: 2). 
One nineteenth century account describes "a very prettily wooded country, with high 
rushes and marshes" in the southern Ghor (Irby and Mangles 1823: 354). Another 
traveler described the belts of vegetation lining the sea in 1873 as large tufts of tall reedy 
grass, followed by masses of rushes, and then a dense canebrake to the water's edge, 
creating a deep swamp (Tristram in Harlan 1982: 74). This vegetation consisted of 
Phoenix dactyli/era (date palm), Juncus acutus (rush), Phragmites australis (common 
reed), Tamarix spp. (tamarisk), and other salt and water tolerant plants. 
In recent years, the shore of the Dead Sea has been drastically altered by the 
industrial extraction of potassium chloride, salt, mud, animal feed, fertilizer, magnesia, 
phosphate, and bromine, and by the diversion of water from the Jordan River (Closson 
2005: 290). The resulting increases in salinity and reduction in sea level have completely 
eradicated the dense wetland habitat present in the 19th century. The area is now a mixed 
formation of desert and halophytic semi-woody shrub communities, sparsely vegetated, 
and considered to be a saline desert (Kiirschner 1986). 
The run-off desert between the Dead Sea and the steep cliffs of the lower slope is 
comprised ofvegetation from the Haloxylotea salicornici andAnabasideta articulatae 
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classes (McCreery 1980: 123). This vegetation survives on sandy dunes and hammada 
desert hills in areas of modem badlands topography, although Finlayson et al. (2003: 3) 
suggest that prior to the mid-Holocene, the area would have been comprised of flat 
alluvial plains (see also Frumkin et al1994; Edwards and Higham 2001: 141). The soils 
of this area have generally low agricultural productivity, and any small-scale farming that 
takes place is dependent upon irrigation from the spring-fed wadis or wells. Modem 
vegetation consists of small communities of drought-tolerant Retama raetam, 
Zygophyllum dumosum, Salsola tetrandra, Anabasis setifera, Zilla spinosa, and Suaeda 
palaestina. Klirschner classifies the area as a mixed fonnation of debris, gravel desert, 
and xeromorphic dwarf-shrublands (1986: Map 3). In the dry summer months, one may 
walk for meters without seeing a single plant specimen (personal observation, 2007). 
Within the steep wadi cuts which dissect this dry alluvial plain, however, a small amount 
of moisture is trapped. Often plant communities form within these depressions as a 
hodge-podge of species from the surrounding environment. In one such depression, to the 
north of Wadi el-Hasa, specimens of Zizyphus spina-christi, Echinops sp., Aerva 
javanica, and Salsolajordanicola were collected during survey. Because these wadi cuts 
have been caused by recent, large-scale erosion, it is unlikely such micro-ecotones would 
have been present more than a century ago. 
Along the foreslope, nineteenth century travelers describe a wide plain dominated 
by thickets of acacia trees (Acacia raddiana and A. tortilis), 'doom-tree' (Zizyphus spina-
christi) and scrub, with a perennial stream running to the sea bordered by date-palms 
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(Phoenix dactylifera) and oleanders (Nerium oleander) (Harlan 1982: 73). Tall stands of 
grasses such as P ani cum turgidum were also present. 
Today, grazing pressures in the area are so intense that such species cannot 
survive without constant protection (Harlan 1981: 162). A declining water table and 
overgrazing may have already been affecting vegetation during the last century, as some 
explorers described the acacias as gnarled and possibly dying (Harlan 1982). Agricultural 
fields, such as those ofMazra'a, were located within cleared portion of the acacia/scrub 
thickets. Near Ghor Safi, at the mouth of the Wadi el-Hasa, Irby and Mangles (1923: 354) 
recount wandering among the brushwood and trees until they came upon a small, cleared 
barley field. Tristram's 1873 account also mentions the fields within the acacia plain as 
under cultivation, "yielding barley, wheat, millet, tobacco, and especially indigo ... Then 
comes a belt of scrub, affording only browsing for goats" (in Harlan 1982: 74). The 
irrigation of agricultural fields is possible at Ghor Safi because of the constant flow of 
water from the Wadi el-Hasa. Today, the village focuses primarily on tomato cultivation, 
as well as citrus and dates. All thickets and canebrakes have been completely cleared, the 
marshes drained. 
The third type of vegetation present in the Ghor-.foreslope transition forms the 
remnants of tropical Sudanian vegetation. The major wadi systems emerge from the 
steep-sided eastern escarpment and create steep ravines in which small pockets of 
abundant water, alluvial soils, and hot temperatures exist. The tropical flora which 
survives within these wadi mouths is likely an ancient relic of the Tertiary period, 
occurring until the Late Miocene when it retreated to these isolated pockets of the Arabah 
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and Jordan Valleys (Zohary 1962: 146). Unfortunately, most of this unique environment 
has been destroyed for modem vegetable cultivation, and there are no protected areas 
south of Wadi Mujib. What plant communities remain in. these wadis are classified as 
Acacietea, specifically the Zizyphus spina-christi- Balanites aegyptiaca association 
found in Ghor Safi (Zohary 1962: 146). Species in this association include Zizyphus 
spina-christi, Acacia raddiana, Salvadora per sica, Moringa aptera, Abutilon hirtum, 
Solanum incanum, Calotropis procera, Balanites aegyptiaca, Atriplex halimus, and 
Suaeda forskalii. 
During the 2007 s1.:rrvey, a half-kilometer trek was made into the steep-sided Wadi 
Dhra', in which some Sudanian vegetation still survives. Date palms dot the interior 
reaches ofthe wadi (Phoenix dactylifera), while large stands of reeds (Phragmites 
australis), Moringa peregrina, bushes of oleander (Nerium oleander), tall grasses, 
sedges, thistles [Echinops sp.), and various thorns (Alhagi maurorum) are also present 
(Figure 2.4). While many of these species are typically found in other environments, it is 
clear that vegetation is plentiful when protected from ag1iculture and overgrazing. The 
westward portion of the Wadi Dhra', however, has not fared as well. The alluvial terrace 
of the wadi, on which the PPNA site ofDhra' is located, has been severely downcut by 
flooding. Closer to the mouth, irrigation canals divert nearly all the water to a large 
cement cistern just to the southwest of the wadi. Aside from some oleander at the base of 
the ravine and a poplar near the man-made cistern to the west, the mouth of Wadi Dhra' 
is completely devoid of vegetation. This is in comparison to the descriptions of early 
travelers, who describe the river el-Derrah as a "beautifhl, shady ravine ... whose banks 
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Figure 2.4 Remnants of tropical Sudanian vegetation approximately 0.5 km east of the 
Wadi Dbra' mouth. Date palms, reeds, sedges, and various grasses are present along the 
banks of this year-round water source. 
are covered in profusion with the palm, acacia, aspen (tamarisk), and oleander" (Irby and 
Mangles 1822: 358-359). Geomorphological analysis indicates that because the river was 
less seasonal during the early Holocene, small streams which branched off were 
composed of slow-moving freshwater, and nearby terraces were more stable (Finlayson et 
al. 2003: 4; Edwards et al. 2002: 2; Edwards et al. 2001: 141). 
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2.3.2 The Lower Slope and Terrace 
Directly bordering the Ghor-foreslope region are rugged, steeply-tilted outcrops 
of Late Cretaceous limestone bedrock which rise up over 500 m to form the eastern Dead 
Sea Basin. In many areas the slope is nearly vertical, and only goats manage to traverse 
the rocky terrain between the Ghar and the lower terraces. Three routes passable to 
humans are the Kerak switchbacks east of Ghar Mazra'a, which link the present-day 
Ghar with the Kerak Plateau, the ancient road of Wadi 'Asal through the town of 
Kathrabba, and the paved road at Ghar Safi (Figure 2.5). The vegetation of this area is 
situated on a number of soil types which include lithosols and yellow regosol soils 
(Moorman 1959: 39). While the steep slopes of the escarpment often contain lithosols 
generated from limestone parent material, the most common soil types are regosols 
formed from slope colluvium (ibid.). These soils are fanned from stony, calcareous 
colluvium created during the weathering of local limestone. 
At the bottom of the limestone rock face, Anabasis setifera, Anabasis syriaca, 
Salsolajordanicola, and Zygophyllum dumosum were collected during survey, indicating 
the presence of windblown loess soil from the valley and a more desert-type 
environment. Continuing to the east upslope, specimens of thorny, spiky species were 
collected. These can be classified as part of the Irano-Turanian dwarf shrub steppe which 
characterizes much of the Jordan Valley Escarpment and Dissected Plateau (al-Eisawi 
1996). The terrace surveyed on the southwestern slope,ofthe escarpment sits at 
approximately 300m above sea level and is home to specimens of Noaea mucronata, 
Gymnocarpus decandrum, Poa sinaica, Bromus cf.jasciculatus, and woody shrubs which 
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Figure 2.5 Heavily grazed vegetation, primarily Salsola sp. and Artemisia herb a-alba, 
along the pathway up to the plateau (southern slope ofvVadi 'Asal). 
were unidentifiable due to heavy grazing. No agricultural activity was noted in this area, 
although many low terraces along Wadi Numeira and farther north do contain small 
fields. Specimens collected along the ancient road of Wadi 'Asal, leading through the 
terrace to the plateau, is bordered by Salsolajordanicola as well as specimens of 
Cucumis prophetarum and Citrullus colocynthis, both of which are typically regarded as 
Sahara-Arabian desert plants. The presence of these species on the terrace is most likely 
indicative of arid-adapted plants moving into less marginal environments due to human 
disturbance (Zohary 1962: 130). Infiltration of species from the desert is a common 
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occurrence between habitats, especially given the long-term movement of people and 
animals along the ancient roads from the Ghor into the plateau. 
2.3.3 The Upper Slope arnd Plateau 
Within the varied topography ofthe upper slope and plateau (generally between 
300-1000 m above sea level), a large amount of human modification has taken place. 
Bedouin camps are frequently located along modem d:irit roads encircling the plateau and 
wadi slopes, and their goat herds graze these areas heavily to the detriment of local 
vegetation. We observed that areas with relatively flat topography are nearly all under 
cultivation, the main non-irrigated crops being tobacco and barley. 
Early travelers who visited the Wadi 'Asal, such as Burckhardt in 1815 (1822: 
3 96), note that these uplands were even then cultivated by the local Beni Ammer 
Bedouin. Crops grown consisted ofwheat, barley, dhourra [sorghum], olives, figs, and 
tobacco, many of which are still grown on the slopes and plateau. Only one-tenth of the 
arable land was actually farmed in the mid-1800s, although it is safe to say that the region 
is almost entirely comprised of agricultural fields or pastureland today (Harlan 1982: 75). 
The upper slopes and plateau along the Wadi el-Rasa are composed primarily of 
regosols, yellow steppe soils, and yellow Mediterranean plateau soils. Regosols are 
common along the slopes where colluvium has accumulated whereas yellow steppe soils 
occur in flatter, more stable areas (Moorman 1959: 39). Areas of yellow steppe soil are 
frequently utilized for agricultural purposes, although these flat areas are often not large 
enough for extensive field systems. On the higher elevations, steppe soils grade into 
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yellow Mediterranean soils, which are also used for cereal production. Bender (1974: 
189) notes that yellow Mediterranean soils are comprised of a yellow-brown, crumbly A-
horizon, a B-horizon of finer, angular aggregates, and a highly calcareous C-horizon 
approximately 50 em below surface. Evidence of recent erosion is obvious, particularly 
in the small wadi cuts, which dot the upper slopes where we could observe banks sliced 
away by winter flooding. We also observed soils distuibed through ploughing, removal 
of vegetation through overgrazing and subsequent erosion, and large-scale modifications 
including the preparation of campsites with hydraulic machinery. The water table of the 
plateau has dropped significantly in recent times, largely due to the irrigation of 
agricultural fields on the plateau, redirecting water and creating geological conditions that 
prevent the absorption of water into aquifer systems (Moller et al. 2007). This situation 
has resulted in the decreased flow of small springs from the plateau, and villagers within 
the Hasa must carefully ration water for fields, fruit orchards, and animals. 
Plant coverage in the upper slope is sparse due to overgrazing, but Artemisia 
herba-alba is the dominant species in the community. This species characterizes the 
upper steppe vegetation as part of the Artemisietalia herbae-albae mesopotamica class, 
known generally as the wormwood steppe (Zohary 1973: 473). Plant collections on a 
limestone outcrop along the northern slope of the Wadi 'Asal (approximately 800 m 
above sea level) yielded a number of steppe species including Artemesia herb a-alba, 
Noaea mucronata, Eryngium glo~eratum, Ballota undulata, and Loliolum subulatum. 
This signals a possible variant of the Artemisia herba-alba- Salvia lanigera association, 
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a common and diverse plant community also found in the Edom highlands to the south 
(Zohary 1973: 474). 
The highest elevations of the area surveyed were comprised of hill slopes leading 
into the western reaches of the Central Highlands Dissected Limestone Plateau. The vast 
majority of the plateau along the northern bank of the \Vadi el-Hasa has already been 
extensively surveyed by Miller (1991) and is completely under cultivation. The primary 
soil types of the plateau are fertile red Mediterranean soils in the areas with the most 
rainfall and yellow Mediterranean soils in areas, which receive between 25 0 and 3 50 mm 
of annual precipitation (Bender 1964: 189). It is the yellow Mediterranean soils which 
characterize the upper hills of the Hasa, and small dry-farmed cereal fields are often 
found on the flatter hillocks. Despite the amount of flooding which occurs during the 
winter and spring months, all rainfall on the plateau and upper regions is not channeled 
into wadi systems. A portion of it is absorbed by the plateau soil and percolates deep to 
the limestone layers where it emerges along the upland limestone slopes as springs (e.g., 
Harlan 1982: 75). The limestone serves as an aquaclude, forcing groundwater 
horizontally out of the escarpment. 
This phenomenon is particularly apparent along the edge of the plateau, where a 
band of limestone strata contains multiple natural springs and often a small hamlet 
nearby. Harlan (1982: 75) recounts the description given by Conder in 1881: "Every 
valley at this level. .. has its springs and streams, fringed with oleanders and canes, which 
flow murmuring down the gorges falling in cascades over the rocks. The contrast of this 
rich water-supply with the scantiness of streams west of Jordan is striking." Villagers 
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have utilized these spring sources since antiquity. As groundcover is lost to agriculture 
and soil of the plateau erodes away, however, increased wadi flooding diverts this water 
away without ever soaking into the upland soils (Harlan 1985: 127). 
Despite substantial erosion and grazing along the upland margin of the Wadi el-
Hasa, degraded red Mediterranean and yellow Mediterranean soils form a plant 
community oflrano-turanian dwarf-shrubland dominated by a Salvia dominica- Ballota 
undulata association (Kfuschner 1986: 56). Species identified during my botanical survey 
at an elevation of just over 1000 meters above sea level were identified as Ballota 
undulata, Echinops polyceras, Carlina libanotica, Eryngium glomeratum, Salvia sp., 
Noaea mucronata, Zilla spinosa, Bromus lanceolatus, and Avena wiestii. According to 
Kfuschner (1986), variants of this association may represent the most regressive stages of 
semi-arid forest types including associations of Quercus ithaburensis and Pistacia 
atlantica. 
Although the modem plateau is almost completely treeless, small stands of 
Mediterranean vegetation are visible along the sandstone outcrops of the Tafila- Petra 
plateau and the southern Arabah Escarpment. This woodland vegetation in an otherwise 
shrub-steppe and desert transitional zone is the result of an abundance of water trapped in 
the soil by non-absorbent sandstone (Danin 1995: 181). Despite the low annual rainfall of 
100-300 mm, isolated niches of well-watered soil provide adequate conditions for the 
growth of tree species such as Pistacia atlantica, Pistacia khinjuk, Quercus calliprinos, 
andAmygdalus korschinskii (Danin 1995). The lack of arboreal vegetation along the 
plateau of the northern Wadi el-Hasa is due to three factors. First, precipitation levels fall 
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below 300 nun annually. Second, intensive rainfall and associated flooding takes place in 
the winter and spring, without adequate absorption of water into the soil. Third, any 
rainwater that is absorbed by the soil percolates deep into the limestone formation and 
quickly becomes inaccessible to plateau vegetation (Harlan 1982: 127). Historical 
sources from the 19th century suggest the lack of arboreal vegetation on the plateau is not 
a recent phenomenon. The eleven European travelers' accounts compiled by Harlan 
(1988: 44) during the Wadi el-Hasa archaeological survey unanimously describe the 
Central Jordanian Plateau as an "undulating grassland \Vithout a tree in sight." 
2.3.4 The Local Vegetation of el-Hemmeh 
The archaeological site of el-Henuneh is situated along the northern escarpment 
of the Wadi el-Hasa, approximately 3 km (Rollefson 1999) west of the modem paved 
road which winds down from the Kerak plateau southward toward the town ofTafila. 
The site is located on an alluvial fan 30m above the cunent floodplain at ~450 m above 
sea level (Figure 2.6). Such protected terrace features have been noted all along the wadi 
formation, particularly on the outside curves of large meanders and where the gorge 
opens up substantially (Hill2006: 75). A small spring exists south of the terrace along the 
wadi floor. This spring, along with the winter/spring rm1offfrom the plateau, contributes 
to the ever-growing water reservoir of the Tannur Dam, which is located directly at the 
base of the terrace. Dominating the physical landscape to the northwest of the site is Jebel 
ed-Dakhir, a dark volcanic plug. The site of el-Henuneh rests in the shadow of this basalt 
feature, separated from it by a steeply incised wadi ravine that contains evidence of Late 
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Figure 2.6 A Google Earth image of the positioning of el-Hemmeh along the northern 
hill slope of the Wadi el-Hasa (view is looking northeast). 
PPNB architecture eroded along the northwestern exposure of the site. Site director 
Cheryl Makarewicz estimates that up to one third of the site may have already eroded 
into the ravine (Makarewicz personal communication 2007). 
Rainfall varies greatly within the local wadi landscape, generally falling within 
the 100-200 mm isohyets (Schuldemein 2007: 562). Annual temperature and 
precipitation amounts have been recorded at the towns ofMa'zar, located on the Central 
Jordanian Plateau, at Tafila, located in the highlands of the Southern Plateau, and from 
Ghar Safi, at the mouth of the Rasa along the Dead Sea (Harlan 1988; Harlan 1982). 
Along the northern border ofthe plateau, Ma'zar reports a 40-year average of340 mm of 
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annual precipitation. Tafila reports an average of280 mm annually. Significantly less 
rainfall has been reported at lower elevations within the wadi. The town of Safi, at the 
western mouth of the Rasa, receives an average of 80 mm per year (Harlan 1982). And at 
the Tannur Dam nearest el-Hemmeh, Attewill (1996: 131) states that average rainfall is 
around 90 mm per year. The terraces and hill slopes of the wadi system receive more 
rainfall than the wadi bottom, although not as much as the high plateau. The annual rains 
typically fall during the winter months in a heavy downpour. Much of the rainfall is lost 
down the wadi hill slopes along with topsoil, further incising the downcut ravines that 
characterize many places within the Rasa channel system. 
Historical accounts suggest that the wadi was once an established environment of 
lush vegetation and soil development. In summarizing the accounts of nineteenth century 
European explorers traveling through the Wadi el-Hasa, Harlan (1988: 44) reports that: 
The banks of the wadi were stable and the lower reaches were densely wooded 
with oleander, tamarix, willow, acacia, and palm. The streams ran clear and 
swarmed with fish. Canebrakes were found in marshy spots along the wadi at low 
elevations and covered much of the ghors at the mouths of the canyons emptying 
into the rifts. It was a very different landscape from the present one, well covered 
by vegetation and much more stable in terms of erosion and stream flow. 
When excavation first began at el-Hemmeh in 2004, the Tannur Dam (built in 
1999) reservoir water level was still very low and had not reached the terrace base below 
the site. \Vhere the incised ravine met the Hasa floodplain, a small area of hydrophilic 
vegetation was still extant: rushes (Juncus acutus), reeds (Phragmites australis), tamarisk 
(Tamarix sp.), and many fig (Ficus sp.) trees. In the past few years, this vegetation has all 
been submerged in the reservoir with the exception of the reeds. Harlan (1988: 43) 
recorded the same types of vegetation during his survey of the wadi and its tributaries to 
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the east, where he noted an abundance of riverine trees and shrubs. Oleander (Nerium 
oleander) was found at all permanent water sources, as well as tamarisk and willow 
(palix sp.). These species were also noted at the small spring by the site. Other species 
which occur along stream banks and water pools of the Rasa are Salix spp., Vitex angus-
castus, Cyperus longus, and Typha domingensis (al-Eisawi 1996: 101). Dense stands of 
reeds were noted at the hot springs located approximately 10 km west of the site, 
although the area has been heavily disturbed by bathers and modem construction (Figure 
2.7). Incidentally, the large Late PPNB site ofKhirbet Hammam is located on a terrace 
just 0.5 km west of these hot springs (Peterson 2004: 4). Harlan has identified a few relict 
specimens of acacia (Acacia sp.), date palm (Phoenix dactylifera) and Christ's thorn 
(7izyphus spina-christi) along the lower reaches of the wadi, suggesting "relicts of a 
former greater distribution and abundance" (1988: 43). The date palms are remnants of 
tropical Sudanian vegetation and suggest that conditions near the hot springs are warm 
and wet enough to sustain some niches of tropical plant communities. 
Along the hill slopes of the northern wadi escarpment, isolated specimens of trees 
are still visible. These trees are located on the terraces below the plateau ridge and benefit 
from the water that percolates out of the limestone formation. Harlan (1988: 43) notes the 
open woodland vegetation present on the southern bank along the same elevation consists 
primarily of juniper (Juniperus phoenica), although a few pistachio trees have also been 
sighted. 
The slopes surrounding the site of el-Hemmeh have been heavily affected by the 
overgrazing of sheep and goats (Figure 2.8). Because the Tannur reservoir water is not 
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Figure 2.7 The vegetation of the Wadi el-Hasa.hot springs, consisting primarily of reeds 
and tamarisk, with the denuded southern slope in the background (view is looking 
southeast). 
protected, shepherds often bring their flocks down from the plateau or from areas of the 
wadi where water is not accessible. These herds, which range in size from just a few 
animals to hundreds of goats and sheep, have caused severe devastation to the vegetation 
of the escarpments and terraces, leading to massive amounts of soil erosion. The 
denudement ofhill slope vegetation has lead to (1) the increased impact of rainsplash, (2) 
the inhibited absorption of rainwater and increased velocity of surface runoff, and (3) the 
inability of vegetative ground cover to restore itself (Hil12000: 223). Most of the 
specimens collected during botanical survey in 2007 around el-Hemmeh were severely 
damaged by animal grazing. Many of the plants that were identifiable contained toxic 
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Figure 2.8 A flock of sheep and goats on the heavily overgrazed northern slope of the 
Wadi el-Hasa (photo taken from the site of el-Hernmeh looking northwest). 
chemicals (e.g., Peganum harmala, Nerium oleander, Citrullus colocynthis) or thorns to 
deter potential grazers (e.g., Noaea mucronata, Centaurea cf. pallescens). Along the 
gravel hill slope leading down to the wadi, other plant species included A triplex helimus, 
Silene linearis, Phalaris brachystachys, Hordeum glaucium, Ballota undulata, Salsola 
vermiculata, Anabasis cf. articulata, Mesembryanthemum nodiflorum, Gymnocarpus 
fruticosum, Allium cf. truncatum, and Poaceae species, although these were found in 
small numbers. 
Although there is very little groundcover on the site itself, black plastic irrigation 
material and some remaining vines suggest that the area was recently cultivated for 
tomatoes. Crops grown on the small floodplain along the edge of the northern escarpment 
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consist of tomatoes, cucumbers, and melon, all of which are irrigated. Additional 
irrigated crops grown in and around the Wadi el-Hasa include citrus, olive, fig, apricot, 
pomegranate, almond, eggplant, cauliflower, squash, broad beans, watermelon, and hot 
pepper (Harlan 1988: 41). Survey in 2007 along the southern tributaries of the Rasa 
Formation, primarily Wadi Laban, revealed extensive two-row barley cultivation on the 
high terraces (Figure 2.9). Crop weeds such as oat (Avena sterilis) and wild onion 
(Allium sp.) were noted at the edges of fields. Unlike fields located at lower elevations 
along the floodplain, irrigation methods are not necessary, suggesting that at least 150 
mm of rainfall occurs on the terraces annually and reliably. 
Figure 2.9 A field of non-irrigated two-row barley (Hordeum distichum) along the 
southern high terrace of the Wadi el-Hasa. 
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2.4 Early Holocene Paleoenvironmental Evidence 
Given the large amount of modem disturbance caused by agricultural production 
and overgrazing, as well as climatic changes that have occurred over thousands of years, 
the current landscape of the southern Levant clearly does not reflect the environmental 
conditions encountered by Neolithic communities during the early Holocene. In order to 
understand the paleoenvironment of the southern Levant during this period, an 
examination of multi-proxy paleoclimatic data is critical. Available lines of evidence 
include analysis of pollen (Rossignol-Strick 1995, 1999), speleothems (Bar-Matthews et 
al.1999; Bar-Matthews et al. 2003; Frumkin et al. 2000), sea and lake levels (Frumkin et 
al. 1994; Rosen 2007) and studies of geomorphology (Cordova 1999, 2000; Goldberg 
1994; Schuldenrein and Clark 1994, 2001). 
The correlation of multi -proxy data is inhibited by issues of scale and resolution. 
Some lines ofevidence, such as the study of palaeosols and fluvial sequences, may 
provide climatic information at the millennia! scale, while others such as pollen can offer 
information about detailed seasonal cycles (Rambeau 2010: 5231). Additionally, certain 
records may reflect the conditions over a large region (e.g., sea levels), while others may 
be specific to a particular location or site (e.g., cave speleothems). The use of several 
lines of evidence can help to resolve these discrepancies between paleoclimatic datasets, 
provided that accurate radiocarbon dates are available and appropriately calibrated. 
Cordova (2007: 154-155) notes that dates are often presented in a variety of ways (e.g., 
cal. B.P., uncal. bp., etc.), and this can lead to confusion as scholars correlate 
paleoenvironmental data without a proper understanding of date calibrations. 
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Despite these issues, the paleoclimatic picture for the southern Levant during the 
terminal Pleistocene/early Holocene is relatively clear. Around 11,500 years ago, 
following the Younger Dryas cooling event, warmer and more humid conditions returned 
to the region. Robinson et al. (2006: 1536) argue that the early Holocene may have been 
the wettest phase of the past 25,000 years across much of the Levant. The climatic 
optimum seen during the early Holocene was likely the result of increased cyclogenesis 
within the Mediterranean Sea as well as enhanced monsoons in the Indian Ocean, both of 
which served to amplify Virinter rains in the southern Levant (Cordova 2007). In addition 
to winter rains, it is also possible that summer months saw an increase in precipitation, 
possibly as heavy storms throughout the year (Bar-Matthews et al. 1997: 165). 
Higher temperatures and increased rainfall are indicated by multiple lines of 
evidence, including pollen records Virith increased percentages of Quercus and Pistacia 
(Rossignol-Strick 1995, 1999). Pollen diagrams from marine cores taken from the eastern 
Mediterranean reveal that oak was present in areas with precipitation levels of at least 
400 mm per annum and Virith Virinter temperatures that did not drop below freezing 
(Rossignol-Strick 1995: 913). Pistachio trees were also abundant during the early 
Holocene, due to high moisture levels in low areas and mild Virinters in the uplands. 
Pistachio species such asP. atlantica can tolerate precipitation levels below 400 mm, and 
the associated peak of pistachio with Poaceae grass pollen suggests warm winters and 
adequate spring rainfall of at least 200 mm (Rossignol-Strick 1995: 912). The increase in 
arboreal pollen within the Levant is also corroborated by pollen cores from lakes in Iran 
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and Turkey (van Zeist and Bottema 1991). These too indicate the advance of pistachio 
and oak woodlands into areas that had formerly been open steppe. 
Oak and pistachio vegetation is visible in the archaeobotanical record at PPNB 
sites in the southern Levant, such as 'Ain Ghazal and Basta. At the Middle PPNB site of 
'Ain Ghazal, located in northern Jordan, deciduous oak (Quercus ithaburensis) dominates 
the wood charcoal assemblage. Neef (2004b: 298) suggests that the site received between 
300-400 mm annual rainfall, allowing for the growth of a thermophilous steppe forest in 
which deciduous oak was the primary species. At the more southerly site of Basta, 
however, annual precipitation levels reached only 200-350 mm, and temperatures were 
only slightly higher than today' s mean temperature of 6 degrees Celsius during the 
coldest winter months. The wood charcoal assemblage from the Late PPNB site of Basta 
is dominated by Pistacia atlantica and Juniperus cf. phoenicea, suggesting a more xeric 
and cold-tolerant form of steppe forest (Neef2004b: 298). 
Also in southern Jordan, studies of pollen extracted from fluvial sediments in the 
Wadi Faynan system provide important information about early Holocene vegetation. 
Wadi Faynan lies approximately 70 km south of the Wadi al-Hasa and receives a similar 
amount of modem rainfall (200 mm annually in higher hill slopes, and 60 mm in the wadi 
bottom) (Hunt et al. 2004: 922). The earliest radiocarbon date of the three pollen samples 
falls at the end of the Pre-Pottery Neolithic or early Pottery Neolithic period (8276-7868 
cal. B.P.) (Hunt et al. 2004: 926). The most abundant types of pollen from this sample 
have been identified as Poaceae grasses, Pinus sp. (pine), Ostrya carpinifolia (hop-
hornbeam), Plantago sp. (plantain), and members of the Liliaceae family. High 
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percentages of tree pollen and steppic taxa (such as Poaceae, Artemisia, and Plantago 
species) suggest that the area lay just outside the Meditenanean forest zone "With elements 
of steppic vegetation and water-side trees located along the wadi bottom (Hunt et al. 
2004: 926). Estimates of annual precipitation "Within the wadi system during the early 
Holocene are therefore upwards of200 rom, nearly 150 rom more than cunent falls in the 
wadi system today. 
Scholars such as Neef (2004b) are quick to note, however, that even small 
changes in rainfall can have a significant effect on the composition of steppic plant 
communities. His arguments for the presence of forest-steppe vegetation in the Wadi 
Basta during the early Holocene required only 50-100 mm additional precipitation from 
present conditions. However, many of these arboreal and steppic species would have 
been growing very close to their minimum temperature and rainfall requirements, and 
their year-to-year success would have been dependent on the existence of an "intact 
environment" (Neef2004b: 297). An intact environment would have included a well-
developed soil profile "With a high water-retention capacity, and stable plant communities 
that helped prevent the erosion of topsoil. The presence of these stabilizing elements 
would have been particularly important within wadi systems of the southern Levant, 
given the rich, ecotonal nature oflocal plant communities (i.e., forest, forest-steppe, 
steppe, wetland/waterside) and their sensitivity to issues of increasing aridity and soil 
degradation. 
Reconstructions of the early Holocene paleoenvironment indicate at least three 
vegetation regions east of the Dead Sea: (1) Sudanian dry savanna, (2) Irano-Turanian 
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steppe, and (3) Mediterranean woodlands (Cordova 2007: 172) (Figure 2.10). Enclaves 
of modem Sudanian vegetation are found at the bottom ofwadis along the Rift Valley 
(including the Wadi el-Hasa and Wadi Dhra') where these tropical species are protected 
from winter frosts and summer drought. The northward migration of Sudanian elements 
into Jordan occurred during the mid-Holocene, ca. 8000-4000 cal. B.P., but migrations 
may have begun earlier during warmer periods of the late Pleistocene and early 
Holocene. Low levels of local speciation in Sudanian plant taxa suggest that many 
species are relatively recent additions to the plain surrotmding the Dead Sea (Shmida and 
Aronson 1986: 24). The dry savanna of the early Holocene is therefore likely a mix of 
drought-tolerant Sudanian species, such as Ziziphus spina-christii and Acacia tortilis, 
intermixed with elements of the Sahara-Arabian desert and Irano-Turanian steppe 
(Cordova 2007). 
The Irano-Turanian vegetation region would have bordered the savanna plain of 
the Dead Sea basin to the east, covering much ofthe Jordan Valley Escarpment and 
interior hill slopes of the major wadis. The steppe is often described as a treeless 
landscape, but there exists a continuum of rain desert, steppe, and steppe-forest plant 
communities. Zohary (1962: 131) notes that "the predominant habitats of this territory are 
non-saline gray calcareous steppe soil, loess soil, and rocky hills, with an annual rainfall 
of 200-3 50 mm. Vegetation consists primarily of steppe forest, thorny and broomlike 
brush woods, and dwarf shrub communities." The Mediterranean woodlands, on the other 
hand, would have occupied the higher elevations found on the Highlands Plateau with 
rainfall ofupwards of300 mm (Cordova 2007). Arboreal species would have included 
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Figure 2.10 Tentative reconstruction of early Holocene vegetation regions east of the 
Dead Sea, ca. 8,500 caL B.P. (redrawn from Cordova 2007: 172). 
pistachio, juniper, almond (Amygdalus sp.), and evergreen oak (Quercus calliprinos) 
(Neef2004b: 295). There is no evidence to suggest that northern woodland species such 
49 
as deciduous oak were present in the southern highlands, most likely due to annual 
precipitation levels below 400 mm. 
One pressing question regarding the early Holocene vegetation of the Wadi el-
Hasa is a potentially extensive wetland environment to the east. The westward draining of 
Lake Hasa, located in the Hafrra Jins Depression, occurred intermittently from around 15 
kya until the mid-Holocene (Hill 2006). A large marsh associated with the lake system 
and its nearby springs may have provided substantial wetland resources during the late 
Pleistocene and early Holocene (Hill 2006). Pollen profiles retrieved from Tor al-Tareeq, 
an Epipaleolithic site (ca. 17,000-15,000 cal. BP.) located in the eastern Hasa, reveal both 
marsh plants (e.g., Salix, Typha) and steppe vegetation (e.g., Artemisia, 
Chenopodium/ Amaranthaceae, Gramineae ), with only limited amounts of arboreal pollen 
present (e.g., Quercus, Pistacia) (Neeley et al. 1998: 304). The eastern Hasa environment 
during the late Pleistocene has thus been interpreted as an Irano-Turanian steppe-forest 
ecotone with localized marsh vegetation associated with Lake Hasa. Whether similar 
wetland areas were also abundant during the early Holocene, particularly within the wadi 
system near el-Hemmeh, will be addressed in the following chapters. 
Paleoenvironmental conditions have long been associated with the rise and fall of 
archaeological cultures in Southwest Asia (Maher et al. 2011). Two important climatic 
events frequently associated with the Pre-Pottery Neolithic period in the southern Levant 
are (1) a period of climatic amelioration following the end of the Younger Dryas, and (2) 
a rapid cooling event at 8200 cal. B.P. The first event, which occurred at the onset of the 
early Holcoene, is believed to be concurrent with the first PPNA communities at ca. 
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11,700 cal. B.P. Many scholars (Bar-Yosef1995, 1996; Bar-YosefandBelfer-Cohen 
1989; Bar-Yosefand Kislev 1989; Bar-Yosef and Meadows 1995; Belfer-Cohen and Bar-
Yosef2000; Byrd 2005; Goring-Morris and Belfer-Cohen 1998; Moore and Hillman 
1992; Wright 1993; Wright and Thorpe 2003) assert that the onset of warmer and wetter 
Holocene conditions provided a suitable environment for early cultivation during the 
PPNA in the southern Levant. Recent revisions of the radiocarbon chronology, however, 
indicate that the Younger Dryas event ended some 90-3 00 years after the first PPNA 
settlements were already established (Maher et al. 2011: 17). While Maher et al. (20 11: 
21) acknowledges that higher levels of precipitation may have contributed to the 
proliferation of settlements during the mid to late PPNA, the authors also note a distinct 
preference in site location. Many sites in the Jordan Valley are located on or near alluvial 
fans, suggesting that Neolithic communities were also taking advantage of local surface 
water and available springs. 
The second significant climatic event of the early Holocene, the 8200 cal. B.P. 
cooling event, has been associated with the collapse of Late PPNB mega-sites in the 
southern Levant (Bar-Y osef 2001; Bar-Y osef and Bar-Y osef Mayer 2002; Staubwasser 
and Weiss 2006; Weninger et al. 2006). Lower temperatures and a decrease in 
precipitation are apparent around 8000 cal. B.P. (Bar-Matthews et al. 1999; Rossignol-
Strick 1999), as well as a reduction in sea levels (Migowski et al. 2006). At the 
archaeological site of' Ain Ghazal, increasingly arid conditions may have contributed to 
the over-exploitation and eventual denudement of local vegetation during the PPNB 
(Rollefson 2001). Much confusion has arisen, however, due to the conflation of 
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calibrated and uncalibrated radiocarbon dates in the archaeological literature. A re-
evaluation of the radiocarbon record indicates that the 8200 cal. B.P. event actually 
occurred hundreds of years after the end of the Late PPNB at ca. 8700 cal. B.P. (Maher et 
al. 2011: 17). Clearly this climatic event h~d nothing to do with the abandonment of 
many PPNB settlements in the southern Levant over half a millennium earlier. Maher et 
al. (20 11) thus suggest that arguments of climate as a primary cultural mover during the 
Pre-Pottery Neolithic period require a more critical examination of both paleoclimatic 
data and greater refinement of the radiocarbon dating record from archaeological sites in 
the southern Levant. 
2.5 Summary 
The modem landscape of the Wadi el-Hasa in west-central Jordan is one of stark 
contrasts. The archaeological site of el-Hemmeh is situated within the Hasa along a steep, 
treeless hill slope with very little vegetation present beyond a few thorny shrubs. At the 
base of this arid hill slope, a modem dam has been constructed, and an ever-growing 
water reservoir threatens to one day inundate the site (Makarewicz et al. 2006). 
The topography of the wadi system is perhaps its most visibly dynamic feature, 
rising over 2100 meters from the mouth of the Hasa at -3 92 masl to the southern plateaus 
at 173 6 masl. Extensive geomorphological changes have occurred within the Hasa from 
initial formation over 50 mya to the more recent downcutting events of the late Holocene 
(Hi112006). It is clear that the Wadi el-Hasa possessed a distinctly different appearance 
during the Neolitbic occupation of el-Hemmeh than it does today. Extensive soil erosion, 
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beginning during the Early Bronze Age, removed much of the sediment once present 
along the wadi bottom during the early Holocene (Donahue and Beynon 1988; 
Schuldenrein 2007). The steep modem slopes of the wadi and its deep ravines are not 
reflective of the more gently sloping bowl-shape the valley once had during Neolithic 
times (Hill2006). 
Significant changes in local plant communities have occurred as welL The barren 
hills of the Has a and the minimal amount of plantlife located near modem springs and 
channels along the wadi bottom are but a small percentage of the lush vegetation once 
present. Late 19th century explorers recounted a landscape of thickets and canebrakes, 
brushwood and trees, as well as the presence of cultivated cereal fields alongside the 
Wadi el-Hasa watercourse (Harlan 1982). A botanical survey carried out by the author in 
2007 revealed that all agricultural production within the wadi today is heavily irrigated, 
except for the cultivation of hardy two-row barley on the upper southern terraces. 
Collection of plant species along the northern slope of the Has a near el-Hemmeh and 
farther northward along the Dead Sea basin, Jordan Valley Escarpment, and Highland 
Plateau indicate a lack of woodland species. The overgrazing of sheep and goats during 
the late Holocene, particularly in the past hundred years, has had a severe impact oflocal 
plant communities. Thorny shrubs and other plants found unpalatable by sheep and goats 
are the dominant forms of vegetation. 
Paleoclimatic evidence suggests that warmer and wetter conditions once existed 
across much of Southwest Asia during the beginning of the Holocene (Bar-Matthews et 
al. 2003; Bar-Matthews 1999; Frumkin et al. 1994; Rossignol-Strick 1995, 1999; 
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Schuldenrein and Clark 2001). In the southern Levant, pollen profiles and the analysis of 
charred macro botanical remains have provided critical evidence concerning the 
vegetation present across the region during the early Neolithic period. Annual 
precipitation levels were at least 50-100 rnm greater than today and afforded more 
extensive woodland coverage (Neef2004b). Pistacio and juniper were the most abundant 
arboreal species in southern Jordan, while the northern highlands were dominated by 
deciduous oak (Neef2004b). Irano-Turanian steppe vegetation was present on the hill 
slopes and lower elevations of the southern wadi systems, although much richer in 
species density and diversity than the overgrazed, degraded steppe seen today. The Wadi 
el-Hasa, with its great variability in topography, likely contained a number of vegetation 
zones, which regional reconstructions suggest would have been dominated by steppe and 
steppe-forest (Jensu Cordova 2007: 172). Alongside springs and watercourses situated 
within the wadi bottom, water-side plants and trees would also have been prevalent. 
Two pressing issues concerning available plant resources during the early 
Holocene are the questionable presence of Sudanian vegetation and an extensive 
marshland system. Sudanian vegetation began migrating northward up Rift Valley during 
the end of Pleistocene and certainly during the mid-Holocene (Shmida and Aronson 
1986). Today these African species are a major component of the drought-tolerant 
vegetation encountered along the Dead Sea and are also found as enclaves of tropical 
vegetation within protected wadis (Zohary 1962). It is, however, unclear whether 
Sudanian vegetation also predominated wadi systems such as the Rasa as early as 11,000 
cal. B.P. A second issue concerns the late Pleistocene draining of Lake Rasa east of el-
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Hemmeh. A large wetland was created during the late Pleistocene, and many 
Epipaleolithic sites are located along the margin of this feature (Schuldemein 1998). If 
Lake Hasa continued to drain into the early Holocene, a rich marshland may have existed 
east of el-Hemmeh and along the wadi floodplain. 
Many archaeologists have sought to correlate the emergence ofN eo lithic 
cultivation and agriculture with important paleoclimatic events in Southwest Asia. These 
climatic events are often seen as the primary causes of cultural transformations brought 
about by "adaptive responses to periods of stress or abundance" (Maher et al. 2011: 6). 
The onset of warmer and wetter conditions during the early Holocene, for example, may 
have provided an improvement in plant resources leading to an increased reliance on 
cereals and legumes (Byrd 2005). Recent analysis of radiocarbon dates from Pre-Pottery 
Neolithic sites in the southern Levant instead indicate that the climatic events associated 
with this period may not have had as significant as once thought. Maher et al. (20 11) 
demonstrate that the first PPNA settlements actually occur earlier than the onset of the 
early Holocene, and the end of the Late PPNB period occurs much earlier than the 8200 
cal. B.P. cooling event with which it has been associated. These results suggest that major 
climatic events may not always coincide with prehistoric cultural developments and that 
investigations oflocal paleoenvironmental conditions are paramount to our understanding 
of site-specific subsistence practices and resource availability. 
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Chapter 3. The Archaeology of el-Hemmeh 
3.1 Introduction 
This chapter presents an overview of the archaeological investigations at the site 
of el-Hemmeh since its discovery and survey in the late 1990s. Recent excavation has 
revealed at least three circular PPNA structures and a dense network of Late PPNB 
architecture at the site. A description of the deposits, features, and artifacts recovered 
during excavation is provided here with maps, section drawings, and site photos in order 
to place the archaeobotanical research within its archaeological context. 
The macro botanical research presented here constitutes only one facet a much 
larger interdisciplinary project centered on documenting the economic and social 
transition from foraging to farming at el-Hemmeh. While study of the macro botanical 
material provides critical data toward this endeavor, other integral studies include the 
analysis of wood charcoal (by Eleni Asouti, University ofLiverpool), macro-fauna (by 
Cheryl Makarewicz, Christian-Albrechts-Universitat zu Kiel), microvertebrates (by 
Miriam Belmaker, College of William and Mary), geomorphology (by Dan Contreras, 
Christian-Albrechts-Universitat zu Kiel), micromorphology (by Trina Arpin, Boston 
University), artifacts (e.g., lithics and ground stone), and stable isotopic analysis (by 
Cheryl Makarewicz, Christian-Albrechts-Universitat zu K.iel). The archaeobotanical work 
at el-Hemmeh has been designed to complement artifact distribution analyses, 
micromorphological research, and micro-vertebrate studies in order to elucidate as much 
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contextual information as possible from the deposits and understand formation processes 
at the site. 
3.2 Development of the Project 
Prior to the construction of the Tannur Dam in the Wadi el-Hasa in 1999, an 
archaeological survey of the area was conducted by the Jordanian Department of 
Antiquities. Upstream of the dam, and in danger of inundation by the proposed reservoir, 
lay the site of el-Hemmeh. Surveyors noted the position of this aceramic Neolithic site 
along a small, incised wadi channel just southeast of the Jebel Hemmeh ed-Dakhir 
volcanic plug (Rollefson 1999). Although surface features ofthe site had been largely 
destroyed by modem agricultural activity, terracing, and land clearance, some 
architecture and artifacts were visible on the ground surface and in the ravine. This 
prompted the landowner to utilize a bulldozer to search for "Turkish gold", a common 
misconception which has resulted in the looting of many Jordanian sites (McEachern 
1991: 218). A cut approximately 3m deep and 5m wide was placed through the middle of 
the Pre-Pottery Neolithic deposits at el-Hemmeh by the bulldozer. 
A second survey of the site was then conducted by archaeologists Gary Rollefson, 
Leslie Quintero, and Phil Wilke. They located el-Hemmeh at 35° 43' 52" E and 30° 58' 
00" N, approximately 450 masl (Rollefson 1999: 6). Along the profile of the bulldozer 
cut, stone-built walls were visible to a height of2 m, as well as windows/passages and 
stone-lined subfloor channels. These features, along with the remains of'a degraded 
plaster floor, are characteristic of Late PPNB architecture and have been found at a 
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number of contemporary sites in the southern Levant (Gebel and Bienert 1997; Nissen et 
a!. 1987; Mahasneh 1997). In addition, surveyors at el-Hemmeh identified architecture 
and artifacts dating to the fmal phase of the Pre-Pottery Neolithic, the PPNC, and a 
ceramic sherd that may date to the Pottery Neolithic (Rollefson 1999: 7). The PPNA area 
located farther down slope was not recorded until excavations first began at the site, 
directed by Cheryl Makarewicz of Harvard University. 
3.3 The Archaeological Deposits 
The el-Hemmeh archaeological project first began during the summer of2004, 
with subsequent seasons of excavation during 2005, 2006, and 2007, as well as continued 
excavations in 2010 and 2011. Initial goals in 2004 centered on identifying and exploring 
intact archaeological deposits in order to assess site chronology, architectural 
construction techniques, subsistence strategies, and lithic technologies (Makarewicz and 
Goodale 2004: 5). A total of 62m2 was exposed, primarily consisting of Late 
PPNB/PPNC architecture, as well as a PPNA structure interior and wall. Published 
radiocarbon dates confirm the age of these archaeological deposits (see Makarewicz et al. 
2006) (Table 3.1). Continued excavations have focused on expanding the exposure of 
PPNB architecture and open spaces (2005-2007) as well as a renewed focus on the PPNA 
deposits beginning in 2007. 
The following information concerning excavation methodology at el-Hemmeh is 
based on published excavation reports (Makarewicz and Goodale 2004; Makarewicz et 
a!. 2006; Makarewicz and Austin 2006), reports submitted to the Jordanian Department 
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Sample No. uncal. bp cal. BP Period Sample Description 
OS-48491 9450 ± 60 11,120-10,570 PPNA Cooking residue from a hearth feature 
(locus 104), Structure 1. 
OS-48490 8670 ± 45 9792-9588 LatePPNB Wood charco allocated beneath a floor 
(locus 143), 448E/224N. 
OS-48492 7340 ±45 8356-8071 PPNC Layer of charcoal within a small bin 
(locus 130), 427E/187N. 
Table 3.1 Radiocarbon dates from el-Hemmeh (first published in Makare-wicz et al. 
2006: 209) and recalibrated here using Ox Cal v.4.1. 7 according to atmospheric data from 
Reimer et al. 2009. Probability for each date range was calculated at 95.4%. 
of Antiquities (Makarewicz 2010), excavation notes provided by project director, Cheryl 
Makare-wicz, and personal observations of the author. The author was present for the 
2004, 2006, and 2007 excavation seasons, participating in both excavation efforts and the 
retrieval of plant remains. Single contexts were excavated using a 1 x 1m grid and 10 em 
vertical control if a natural stratigraphic break was not encountered (Makare-wicz et al. 
2006: 184-185). Units were identified using their easting and northing points (e.g., 
464E/230N) from an off-site fixed datum point. Vertical control was maintained by 
measuring meters above sea level (e.g., 461.15 masl) using relative datum points within 
the excavation area. 
The site stratigraphy was excavated in arbitrary 10 em levels ("spits"), and 
discernible changes in cultural deposits, designated "loci", were each excavated 
separately in no more than 1 0 em intervals. Features and walls also received separate 
context designations, -with architectural rooms later receiving sequential numbering (e.g., 
Space 12) for easier reference purposes. All excavated s~diments were sieved through at 
least a 2 mm mesh screen, and in some areas, such as the Late PPNB courtyard, a 1 mm 
mesh was used for a more detailed recovery of microvertebrate remains. Artifacts such as 
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lithic debitage and faunal fragments recovered from the screens were bagged and then 
analyzed later in the field lab. Notable artifacts discovered in primary contexts, including 
lithic tools, groundstone, stone bracelets, beads, ochre pieces, and figurines were left in 
situ, and excavators 3-D piece-plotted each individually (xyz coordinates) before bagging 
them for later study. 
3.3.1 Excavation of the PPNA Deposits 
The PPNA deposits are situated just east of a modem water storage depression, 
approximately 60 m downslope from the Late PPNB area (Figure 3.1). In the initial2 x 3 
m excavation unit, a hearth feature and series of hard packed mud floors were uncovered, 
overlain with wall collapse and artifacts including a large bone knife, small basalt cup, 
and a basalt pestle (Makarewicz and Goodale 2004). Two PPNA walls were also 
/-·... Excavations Lo~ter's' 
~1om 
Figure 3.1 The location of 
the 2004 excavation units at 
el-Hemmeh: PPNA 
(427/187N) and the Late 
PPNB/PPNC area 
( 448E/224N and 464/23 ON) 
(redrawn from Makarewicz 
et al. 2006: 185). 
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structure 2 
ei-Hemmeh 2007 
® 
----.2m 
Structure 3 
Structure 1 
Figure 3.2 The PPNA structures identified and excavated during the 2004 and 2007 field 
seasons (redrawn from Makarewicz 2010: 30). 
identified as exterior walls of this semi -circular building, Structure 1. These walls were 
constructed of cobbles, two to three stones thick, and reached a height of approximately 
50 em. In 2007, excavations in the PPNA area were expanded to a 5 x 5 m unit placed 
directly north of Structure 1 (Figure 3.2), where two additional circular structures were 
uncovered (Structures 2 and 3) as well as the exploration of an extramural area. 
Additional exposure of Structure 1 in 2007 revealed a complex series of 
occupation deposits. The northwestern wall of the structure is cut by that oflater-built 
Structure 3, forming a honey-comb shaped architecture. The walls are constructed of 
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large stones, set in a pise matrix, about 1.5 m high along the northern profile. It may be 
the case that this structure was built into the natural slope of the hill and was in part 
subterranean, as evidenced by the inward collapse of the circular walls. Amidst this 
collapse were large accumulations of daub, presumed to have been used in wall and 
possibly roof construction, which contained clear impressions of both cereal chaff 
fragments and large reed stems (Figure 3.3). This form of construction has also been 
documented at the PPNA site ofDhra', about 10 km to northwest of el-Hemmeh, where 
wattle-and-daub type walls were constructed upon large stone foundations in semi-
subterranean circular structures (Kuijt 2008). 
The interior deposits of Structure 1 exhibit noteworthy stratigraphy and 
preservation. Beneath layers of collapse and midden/post-abandonment debris, 
excavations in 2004 revealed a hard-packed mud floor surface centimeters thick (Figure 
3.4). At its center was a raised circular platform 80 em in diameter (Makarewicz et al. 
Figure 3.3 Plant impressions from daub fragments used in the wall construction of 
Structure 1: (Left) Chaff and straw impressions; (Right) A reed impression. (Scale= 1 
em) 
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2006: 193). Based on the burned nature of the mud-molded feature and its ashy contents, 
it has been interpreted as a raised hearth platform, similar to that identified at 'Iraq ed-
Dubb (Kuijt 2004). On the floor surface, a large bone knife was found, as well as the 
partially exposed cranial vault of a human skull, surrounded by angular stones 
(Makarewicz 2010: 33). Unfortunately, this unique burial deposit was destroyed by 
looters during the 2007 excavation season before full study was possible. However, the 
looter's trench did reveal that in addition to the exposed adult skeleton, a human neonate 
was also present. 
Below the latest PPNA floor surface, a complex series of flooring events, midden 
deposits, and ash layers extending down 0.5 min depth were excavated in 2007 (Figure 
3.5). This sequence contains ashy horizons and midden deposits rich in organic debris, 
interspersed with remnants ofbumed surfaces. The earliest occupation of the structure, 
directly overlying sterile yellow sediment, contains at least two prepared floors and some 
wall collapse, suggesting that perhaps the structure was abandoned for a period of time 
prior to its later reuse (Makarewicz 201 0). 
Structures 2 and 3 were only partially uncovered and excavated during the 2007 
season. Structure 3, which shares an exterior wall with Structure 1, revealed post-
abandonment collapse of degraded daub and stone cobbles. Below the collapse 
excavators found an artifact-rich midden containing dark organic sediment, as well as 
two pestles, a polished stone axe, and a carved figurine (Makarewicz 2010: 34). Structure 
2, north of the two other structures and slightly uphill, was bisected by the excavators and 
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Figure 3.5 Portion of the southern profile from Structure 1 with layers of ash, midden 
debris, and floor surfaces. The hard-packed mud floor oflocus 106 was first exposed in 
2004 and measures over 20 em in thickness. (Scale = 20 em) 
provides a profile of the interior stratigraphy (Figure 3.6). Its single circular wall 
measures at least 1.5 m in height, the bottom of which consists of a single row of very 
large, flat-sided stones, followed by smaller carefully-packed cobbles. The angle of this 
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wall (sloping inward toward the bottom) indicates that the structure was built into the 
alluvial sediments as a semi-subterranean pit house (Makarewicz 2010: 35). 
The contents of Structure 2 are intriguing. The succession of thick hard-packed 
mud floors within Structure 2, each separated by a thin ashy lens, suggests the repeated 
cleaning and occupation of the interior (Figure 3.7). These distinct floor surfaces sealed a 
human burial, intentionally placed upright in a seated position within a burial pit. 
Remnants ofpise bin, built prior to Structure 2, were also encountered (Figure 3.8). 
Unfortunately, looting during the 2007 season removed much of the subterranean bin. 
This feature, which is over 0.5 m deep, contained high numbers of carbonized Pistacia 
sp. nutlets and cereals, and carbonized remains were collected in large numbers from the 
section baulk. 
1m 
Figure 3.6 The south-facing section from Structure 3: (A) topsoil, (B) colluvium, (C) 
floor layers (locus 719), (D) burial context, (E) pise bin feature (stippled), and (F) stone 
cobbles (Makarewicz 2010: Figure 23, p. 36). 
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Figure 3.7 Excavation ofbisected Structure 3 with at least two mud-packed floor 
surfaces visible in the section (looking northeast). (Scale= 1 m) 
Figure 3.8 Cross-section of the pise bin with side-wall and partition (dotted lines), 
Structure 2. White arrow indicates the location of carbonized plant remains. (Scale= 50 
em) 
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The question of chronology is essential to understanding the earliest deposits at 
el-Hemmeh. For example, Structures 1 and 3 may have been occupied 
contemporaneously as part of a terraced PPNA community situated along the hillslope, 
although Structure 3 was constructed after Structure 1. Structure 2, which has a slightly 
different architectural style and more substantial floor deposits, was likely occupied 
slightly later. Structure 2 suggests a later PPNA or possibly Early PPNB occupation date, 
although no EPPNB techno-types have been identified (C. Makarewicz, personal 
communication). Similar chronological difficulties have been tackled at other sites 
including Zahrat 'adh-Dhra' 2 and Motza in Israel (Edwards et al. 2004; Yizhaq et al. 
2005). 
The sequence of reflooring, midden accumulation, and burning within Structure 1 
may indicate that residents of el-Hemmeh left the site for a period of time, only to return, 
clean their homes, and begin again (Makarewicz 201 0: 31). This is corroborated by the 
microvertebrate evidence, where an abundance of Tristram's jird (Meriones tristramis) in 
the PPNA deposits of Structure 1 suggests that the structure was unoccupied by humans 
for at least a few months out of the year (White and Belmaker 2008). The jird is not 
known as a commensal species and typically inhabits structures only when the site has 
been abandoned (M. Belmaker, personal communication). However, the presence of the 
house mouse (Mus musculus) in other samples from the same stratigraphic sequence of 
Structure 1 suggests that, during other parts of the year, people provided a reliable source 
of food for a commensal rodent population to reside at the site. Although burrowing 
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activity was only minimally noted by excavators, analysis of macro botanical samples 
revealed the presence of charred rodent dung. 
3.3.2 Late PPNB Excavations 
Excavations during the first field season in 2004 uncovered over 62 Til of Late 
PPNB architecture, as well as later deposits dating to the PPNC and Pottery Neolithic 
Periods (Makarewicz et al. 2006: 178). Excavations in 2005 concentrated primarily on 
exposing an open area north of the site, and work during the 2006 and 2007 seasons 
exposed a complex network of storage spaces and interconnected rooms dating to the 
Late PPNB (Figure 3.9). In addition to noting the northing and easting coordinates, these 
areas were given unique spatial designations (e.g., Space 17, etc.). In total, over 300 Til 
was excavated during the 2004-2007 seasons and detailed in subsequent reports 
(Makarewicz and Austin 2006; Makarewicz 2010). 
The architecture at el-Hemmeh, despite the small size of the site, bears a striking 
resemblance to that of the contemporary Late PPNB sites ofBa'ja, Basta, and es-Sifiya 
(Gebel and Bienert 1997; Nissen et al. 1987; Mahasneh 1997). Walls are well built and 
primarily constructed of double-faced limestone slabs that are often secured in place with 
mud mortar. Frequently wall surfaces are plastered, sometimes multiple times, with a 
white or more rarely red ochre lime plaster. Larger spaces were frequently divided into 
small rooms with the construction of additional walls. While these small spaces were 
typically accessed from above, small doorways and linteled windows would have allowed 
movement between some of these spaces. It is assumed that the extant architecture 
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Figure 3.9 Maps of the Late PPNB excavations during the 2006 (top) and 2007 
(bottom) seasons (Makarewicz and Austin 2006: 19; Makarewicz 2010: 7). 
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represents the groundfloor or basement level of a two-story architecture whose top floor 
was largely not preserved. This possible houseplan is corroborated by the construction of 
thick walls capable of withstanding the weight of a second story, 3m high walls with 
inset spaces for roof beams, and the presence of stone stairways in some of the larger 
rooms (448N/224N, as well as Space 12). The small cell-type rooms have been 
interpreted largely as storage spaces, since they could not have comfortably served as 
residential living space at 1 ~(Makarewicz 2010; Banning 2003) (Figure 3.10). At the 
site of Basta, Kuijt and Goring-Morris (2002: Figure 15) note similar architectural 
features divided into small storage spaces (Figure 3.11). 
Figure 3.10 Looking directly down into one of the cell-like storage spaces at el-
Hemmeh, approximately 1.5 m deep and 1 x 1 m2 across. 
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Figure 3.11 Reconstruction of the Late PPNB architecture from Basta, illustrating the 
storage rooms below and residential living space above (redrawn from Kuijt and Goring-
Morris 2002: Figure 15, p. 409). 
Other Late PPNB architectural features include carefully prepared lime plaster 
floors in many of the rooms. The edges of these floors frequently lip up onto the sides of 
the walls and often contain constructed rectangular plaster platforms and other 
remodelings. Beneath these plaster floors lies a rubble fill of cobbles and flat stones, 
presumably dumped in to provide a foundation and flat surface for the plaster flooring. 
Beneath the flat stones in many of the rooms is a complex network of stone-lined 
channels which run beneath many of the earliest walls and appear to have been an 
integral part of initial construction (Figure 3.12). These subfloor channels have been 
identified at other Late PPNB sites, including Basta (Nissen et al. 1987) and es-Sifiya 
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Figure 3.12 Looking directly down onto the sub-floor channels of Space 12 (plaster floor 
already removed by excavators). Large stones were placed where the channels headed 
beneath the walls and into other rooms. (Scale= 50 em) 
(Mahasneh 1997). While their function is unknown, Mal<:arewicz (2010) and Goring-
Morris and Belfer-Cohen (20 1 0) suggest the channels served as a kind of water 
management system which helped to reduce damage to structures during periods of heavy 
rain. Others, including Kuijt and Goring-Morris (2002: 409), hypothesize that the 
channels may have served as ventilation shafts running below the rooms. A unique stone-
lined hearth, situated above a subfloor channel in Space 12, may have utilized the shaft to 
increase airflow and produce a hotter fire. 
It is the small cell-like spaces at el-Hemmeh that received the most extensive 
renovations during the Late PPNB. The storage area of Space 17, for example, was 
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separated by three later internal walls, with each area accessible only from above. A 
small partition was added, as well as a solid plaster floor and a plastered bin feature. This 
area then appears to have taken on a ritual significance: within the plastered bin, an adult 
human male skull was placed. Next to the skull, a cache of tools and other artifacts was 
discovered, most likely stored in a basket or other such perishable container. The cache 
included a rich assemblage ofbifacial flint knives, a bone awl and other bone tools, red 
ochre, and an anthropomorphic stone figurine (Makarewicz and Austin 2006: 21 ). 
In the central portion of the excavation area, Spaces 13, 14, and 15 provide 
evidence of monumental-type architecture in the form oflarge doorways. One such 
doorway includes the placement of a huge stone lintel weighing at least 800 kg 
(Makarewicz and Austin 2006: 19) (Figure 3.13). This doorway forms a corridor (Space 
13) which leads into Space 14 through another large doorway. Space 14 is comprised of 
at least two cell-type rooms, each with small windows opening up onto Space 13. These 
small rooms are over one meter deep, one containing a plaster floor and other a floor of 
large stones. Makarewicz and Austin (2006: 20) hypothesize that this area "held 
particular importance, either for an individual household or as a public space, and 
required architecture that marked the significance of entering this space." Although 
considerable remodeling took place in this area, the huge lintel continued to figure into 
the organization of the architecture. 
Given the large amount of remodeling that took place, as well as the infilling of 
rooms through midden discard, post-abandonment debris, or intentional closure, it is rare 
to fmd evidence of in situ human activity areas. One such area lay very close to the 
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Figure 3.13 Renovations of storage spaces 13, 14, and 15. The stone lintel (indicated by 
arrow) originally served as a doorway and was later closed off by a stone wall. 
ground surface and represents some of the only evidence for activities taking place witllln 
the upper story. This area, Space 19, was located at the top of the Space 12 staircase and 
contained evidence of a plaster floor into which three triangular bins were placed. While 
two bins were lined with thick plaster, a third bin was made from flat stones. At its base, 
an intentional, linear pattern of divots was carved into the stone surface, and a high 
concentration of tiny mica discs were found witllln the bin. It appears as though this 
feature may have served as a bead production area (Makarewicz and Austin 2006: 22). 
Similar "drill rigs" oflimestone slabs with tapered holes for securing beads for shaping 
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and boring activities have been found at the Late PPNB site of al-Basit in southern Jordan 
(Rollefson and Parker 2002; Rollefson 2002). 
A perhaps related activity area was uncovered during the 2004 excavations of 
Room 448E/224N. The deposits directly on top of an intact plaster floor in the southeast 
comer of the room revealed a cache of 140 flint awls (Makarewicz et al2006: 192). Awls 
have been interpreted as bead-making tools at other Late PPNB sites given their delicate 
tips capable of boring tiny holes (Rollefson 2002). At al-Basit, the large number of awls 
without any use-wear traces suggests they may have been produced in large quantities 
and stored for later use (ibid. 2002: 4). The same is true at el-Hemmeh, where none of the 
tools from the cache appears to have been utilized. However, the context did contain 
quite a few pieces of worked mother-of pearl, shell beads, and shell fragments, 
suggesting that awl tools may have been used to modify a variety of materials 
(Makarewicz et al. 2006: 207). 
Another potential production area was excavated during the 2007 season as part 
of Space 20. The room measured as least 3 Til and contained a hard-packed earthen floor 
overlying the typical foundation deposit of cobbles, flat stones, and a large subfloor 
channel. The surface ofthis floor contained extremely high numbers of mammal leg 
bones, red and yellow ochre "crayons", and dozens ofbreadloaf-shaped handstones. 
Whereas it was initially assumed that these handstones represented cereal- and other 
food-grinding activities, analysis of the use-surface revealed that many contained 
evidence for red ochre pigment. It is likely that this area served as an ochre-grinding 
location. The presence oflarge numbers of animal leg bones (most likely Capra sp.) and 
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cylinder-shaped "crayons" may indicate that additional processing of ochre took place, 
perhaps as paint or pigment sticks through binding with animal glue. 
Activity areas have also been identified outside the architecture of el-Hemmeh. In 
2007 a 1 x 2m test sounding was placed in a large, partially excavated extramural space 
tentatively classified as a courtyard. Similar courtyard areas have also been identified at 
many other Late PPNB sites, including 'Ain Jammam, Ba'ja, es-Sifiya, and Ghwair I 
(Simmons and Najjar 1998). Excavation of these deposits at el-Hemmeh revealed a 
complex sequence of midden debris, ash dumping, and ephemeral surfaces. One hearth 
feature ( 466) contained patches of white-grey ash and large pieces of wood charcoal. 
Interspersed amongst the ash were clumps of poorly-fired lime plaster. Large pieces of 
red and yellow ochre, as well as breadloaf-shaped groundstone artifacts containing ochre 
traces, were also found inside the hearth. It is hypothesized that this assemblage may 
represent a production area for lime plaster (Makarewicz et al. 2010: 10). 
In addition to the 11 small cell rooms located throughout the site, several features 
have been identified as likely areas of storage. In 2004, a stone-lined bin was uncovered 
at the joining of two Late PPNB walls (13 9 and 140). This bin was associated with a 
plaster floor and was located in a large room that had not undergone serious remodeling, 
except for a possible stone staircase. The excavation of a large room in 2006 and 2007 
(Space 12) also yielded a thick plaster floor, stone staircase, and a stone-lined feature. 
This feature has been identified as a hearth based on its charcoal contents, which were 
well-preserved given that they were plastered over during a subsequent floor resurfacing. 
In the northwest comer of the room, excavators noted a curious feature consisting of an 
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arc of six stones. The plaster surface within this feature sloped downward, forming a 
shallow basin. The floor of the southwest comer of the room had also been modified to 
create a square plaster platform approximately 1 m across, at one time rimmed with a thin 
plaster ridge. 
Plastered bin features have also been located in two other areas of the site. One 
such bin feature constructed in Space 17 later housed the human skull and tool cache. 
Another bin was created during the remodeling of Space 31, during which time the 1.5 
m_2 space was subdivided by a small half-wall. The enclosed area contained a series of 
plaster layers which lapped up onto the surrounding walls, creating a "bathtub"-type bin 
feature (Makarewicz 2010: 29). 
Excavations in Space 23 during the 2007 season revealed a unique cistern-like 
feature unlike any other architectural element uncovered at the site (Feature 3.14). This 
cylindrical feature was situated in the southwest comer of the room and consisted of flat 
interlocking stones reaching at least 60cm below the floor surface. The face of the feature 
measured approximately 50 em across and was flush with the surrounding floor surface. 
The walls end below the floor abruptly, and with no clear foundation present. The feature 
does not appear to join with the subterranean channel system running underneath the 
architecture of the room, and it is unclear whether it might have functioned as a water-
storage facility or served some other purpose. Later, the feature was intentionally infilled 
with silty, sandy sediment before it was covered by a series of floors. 
The Late PPNB archaeology at el-Hemmeh represents a complex sequence of 
architectural use, re-use, abandonment, renovation, and rebuilding. Similar evidence has 
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Figure 3.14 The cistern-like feature of Space 23. The surrounding floor has been 
removed, exposing the cobble-fill and a stone-lined subterranean channel running 
beneath the western wall in the foreground. 
been intensively studied at contemporary sites such as Ba'ja (Gebel2006; Purschwitz and 
Kinzel2007). The tendency to subdivide built space (particularly on the groundfloor) 
required a number of construction measures: the building of new internal walls and 
modification of existing walls, the insertion of stone buttresses to strengthen walls and 
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support roof beams, the creation of staircases and ladders to provide accessibility, and the 
reworking of room "connections" such as small windows and passages (Gebel2006: 73). 
Each of these features is present at el-Hemmeh, as well as the frequent replastering of 
floor surfaces (and often "ripping out" of whole floors). The sequence is also 
compounded by the intrusive presence of later PPNC architecture. This architecture takes 
the form of poorly or hastily constructed walls of stones of varying size and appears very 
different from the uniform construction techniques of the earlier period. Often, however, 
Late PPNB walls were modified and re-used during the PPNC (Makarewicz et al. 2006; 
Rollefson 2001), making structure use-life difficult to interpret. 
At both Ba'ja and Hemmeh, walls of groundfloor rooms were frequently 
strengthened with stone pillars and buttresses (Gebel2006; Makarewicz 2010). This 
indicates that the upper and lower stories of some structures were in use simultaneously 
as multi-floor structures. The frequent homogeneity of archaeological sediments within 
many storage spaces suggests that, following their abandonment, a single in-filling event 
occurred. This same pattern has been noted at Ba'ja, where Late PPNB ground floors 
were intentionally filled in and former upper stories became basements (Kinzel2004; 
Gebel2006). The artifact-rich deposits of these spaces possess a unique sequence of 
primary, secondary and tertiary deposits/contexts. Gebel and Kinzel (2007: 24) note that 
they provide us with the best chance of understanding structural renovations and spatial 
reorganization in the Late PPNB, since they often contain ceiling material, evidence of 
second story activities, and in situ plaster floor deposits. 
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3.4 Summary 
The archaeology of el-Hemmeh spans a complex sequence of Pre-Pottery 
Neolithic deposits. The two primary phases discussed in this dissertation are the Pre-
Pottery Neolithic A and the Late Pre-Pottery Neolithic B, two distinct periods separated 
by approximately 1,250 years. The PPNA sequence of small circular structures built into 
the hillside is succeeded in the Late PPNB by dense, multi-storied architecture featuring 
rectangular rooms, a courtyard area, and numerous storage spaces. The excavated 
deposits from these two periods (e.g., floor surfaces, hearths, storage areas, human burial 
features, midden fill) provide an extensive and diverse assemblage of archaeological 
sediments from which charred plant remains were retrieved and analyzed. 
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Chapter 4. Archaeobotanical Methods 
4.1 Introduction 
Archaeobotanical research was conducted by the author over three field seasons at 
el-Hemmeh (2004, 2006, and 2007) during which time PPNA, Late PPNB, and PPNC 
deposits at the site were excavated and extensively sampled. Archaeological sediment 
from least three circular structures dating to the PPNA and an extensive network of stone 
and lime-plaster architecture from the Late PPNB period were sampled and analyzed 
(Makarewicz et al. 2006; Makarewicz and Austin 2006; Makarewicz 2010). The contents 
of this chapter detail the archaeobotanical methodology utilized both in the field and in 
the laboratory. A description is provided for the unique, non-recycling hand pump 
flotation system designed for the el-Hemmeh project, as well as dry sieving methods used 
in the field. Sample sorting, specimen identification, counts, and quantification methods 
are also discussed in this chapter. 
A quick mention of the terminology used here and in the following chapters is 
necessary. A distinction is made between the charred botanical remains preserved as 
wood charcoal, currently being analyzed independently by E. Asouti at the University of 
Liverpool, and the non-wood plant remains which form the basis of this dissertation 
research. The non-wood plant remains are generally referred to here as 'seeds'. The seeds 
category includes all non-woody specimens including seeds, seed elements (e.g., testa, 
embryos), chaff fragments (e.g., rachis internodes, awns), nutshell, and all other 
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preserved plant parts (e.g., spiral beaks, bulbils, pod fragments, etc.) identified in the 
samples from el-Hemmeh. 
4.2 Field Methods 
Upon initial excavation at el-Hemmeh in 2004, it became clear that charred 
macro botanical remains are preserved within various archaeological deposits and several 
contexts feature excellent botanical preservation. This observation, coupled with the fact 
el-Hemmeh is one of the only sites in the southern Levant occupied during the PPNA and 
Late PPNB periods (the other being Jericho in modem Israel), necessitated a 
comprehensive recovery strategy involving the extensive botanical sampling of 
archaeological deposits. As such, samples from nearly every excavated context were 
collected for flotation processing and analysis. 
4.2.1 Sampling Strategy 
The sampling strategy can be described as a modified "blanket sampling" strategy 
outlined by Pearsall (2000: 66-67) and Lennstrom and Hastorf (1995: 716). Most 
contexts at the site, except those which exhibited obvious signs of modem disturbance 
(such as samples very close to the ground surface) or those which could not be tied to an 
architectural or archaeological feature (such as the very top layers in a long sequence of 
post-abandonment fill) were sampled. Blanket sampling allowed us to retrieve botanical 
remains from a wide variety of contexts, even if excavators could not immediately 
identify the presence of charred seeds or wood during excavation. It also provided the 
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opportunity to expand and revise archaeobotanical research questions at a later date, since 
samples from all well-provenienced contexts were available for study. 
The flotation samples were collected by excavators using a "pinch," or composite, 
sampling strategy: a small amount of archaeological sediment was gathered from 
multiple locations within the context and combined together in one sample (Pearsall 
2000: 69). Most ofthe samples analyzed here possess not only a specific horizontal 
location, such as a 1 x 1 meter designation, but also an elevation range of typically 5 to 
1 0 em. The pinch strategy was chosen to provide a representative idea of the whole 
excavated level (spit) and the larger context area, and was especially appropriate for 
contexts with large surface areas such as middens and cultural fill deposits. In a few 
situations, "point" sampling was instead applied, a strategy in which only one specific 
area of the context layer is collected for flotation. We found this to be a particularly 
useful strategy when excavating a series ofPPNA floor surfaces and related floor-use 
debris. By creating a number of sample "columns" within the PPNA floor deposits, we 
could identify and sample the sequence diachronically for floor preparation, use, 
abandonment, and re-use within the structure (Figure 4.1). Point sampling also occurred 
when excavating certain small features such as hearths and bins, although usually the 
entire feature contents were floated. 
The provenience information for each sample was recorded by the excavators in 
an on-site log. This information included a database number (e.g., FL-07-13, the 
thirteenth flotation sample entered into the log during the 2007 season), excavation date, 
unit number, locus, elevation, and a short description or sketch of the deposit. 
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Figure 4.1 Two separate flotation samples being taken by excavators from a floor surface 
(foreground) and a context of architectural collapse (background) within PPNA Structure 
1. 
Macro botanical samples were also taken in tandem with other types of archaeological 
samples whenever possible, each of which was entered into its own log. In areas where 
rodent disturbances were suspected to be quite high, such as rich midden contexts and in 
the Late PPNB courtyard, the dry sieving of sediment samples for microvertebrate 
remains took place. Micromorphological blocks were retrieved from areas of the site 
where a micro-level understanding of the stratigraphy was paramount: the interiors of 
PPNA structures and the sediments overlying Late PPNB plaster floors and features. The 
analysis of these samples is on-going by M. Belmaker (College of William and Mary) 
and T. Arpin (Boston University). In many cases, phytolith samples were also collected 
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from the same contexts as flotation samples in order to provide a comparative 
micro botanical record. Phytolith collection methods and results are discussed in section 
4.5. 
4.2.2 Flotation at el-Hemmeh 
In order to recover all size classes of carbonized botanical remains for analysis, a 
flotation system was employed during excavation at el-Hemmeh. The technique of 
flotation, sometimes referred to as water sieving (French 1971; Diamant 1979; Hansen 
1991), is based on the principle that carbonized botanical material has a specific gravity 
less than that of water and, when submerged and agitated, plant remains will float to the 
water's surface where they may be collected (Hastorf and Popper 1988: 19). Various 
methods of flotation have been widely used at archaeological excavations across the Old 
World and testify to the effectiveness of this recovery technique over the past 60 years 
(Helbaek 1969; French 1971; Jarman, Legge, and Charles 1972; Payne 1972; Williams 
1973; Watson 1976; Dever and Lance 1978; Miller 1991; Hunter and Gassner 1998). 
Flotation has specifically advanced understandings of the origins of agriculture in 
Southwest Asia through the recovery of cereal and legume domesticates, particularly 
smaller plant parts (i.e., cereal rachises, etc.), which provide morphological evidence of 
early domestication processes (Warnock 1998). 
The flotation program at el-Hemmeh developed considerably over the course of 
the project using an "evolving recovery strategy" recommended by Hageman and 
Goldstein (2009: 2849). Experimentation with two traditional botanical recovery systems, 
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including a gasoline-powered pump system and a mechanized Flote-Tech flotation 
system, occurred at el-Hemmeh before the author settled on an innovative new design 
using a manual bilge pump (Figure 4.2). The principle goal of an "evolving recovery 
strategy" is the trial of different recovery methods to determine which technique works 
best at the site. A secondary goal is the standardization of the macro botanical recovery 
system once the appropriate method has been determined. In order to minimize any 
discrepancies incurred from varying flotation techniques used at el-Hemmeh, 1) 
standardized heavy and light fraction mesh sizes were employed during all recovery 
efforts; 2) the same operator (the author) processed the samples and trained all personnel 
involved in flotation; and 3) other non-processing variables such as sample handling, 
storage, drying, packing, and recording were carefully regulated. In all three flotation 
systems, a 1 mm heavy fraction mesh was used and a light fraction mesh with a 25 0 f..Lm 
aperture size was fastened to the overflow spout. The same operator processed samples 
and trained all students, resulting in standardized rates of sediment pouring, agitation and 
water-flow, and judging when sample was finished processing. The flotation program 
also kept a field log, double-checked daily, that contained a record for each processed 
sample, including a database number, a unique processing number (e.g., 4012), date of 
processing, E/N coordinates of the sampled unit; elevation (top and bottom elevations 
from which the sample was collected); sample size (L); and the excavator's name. 
Experiments were also conducted by the author to assess the recovery rates of the 
new hand-pump flotation system (Shelton and White 201 0). These experiments indicate 
that recovery rates range from 94% to 100% with a recovery mean percentage of97.7% 
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Figure 4.2 The transportable hand-pump flotation system used at el-Hemmeh in 2007. 
(Shelton and White 2010: 320-321). The hand-pump system possesses recovery rates 
comparable to those of the machine-assisted SMAP systel? and the Flote-Tech system, 
and recovery rates much higher than other manual systems such as bucket flotation (see 
Pearsall2000: 95 for recovery rates of various flotation techniques). 
Flotation samples at el-Hemmeh were primarily processed near the excavation 
site along the Tannur dam reservoir in the Wadi el-Hasa. Both the metal tank system and 
the later hand pump system were located along the bank of the reservoir and utilized this 
water source for flotation procedures. The large metal tank system used in 2004 was 
supplied by the Council for British Research in the Levant (CBRL) of Amman and 
consisted of a metal barrel equipped with a large metal showerhead welded inside. Water 
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flowed upward through the showerhead and agitated the samples from below, which were 
fixed by a metal grate insert and attached 1 mm windowscreen. The light fraction flowed 
into an overflow spout and was collected with a 250 f.Lm mesh bag (Makarewicz et al. 
2006: 201). The system was powered by a gasoline pump which, it is estimated, 
circulated water at about 75-190 liters per minute. 
The second flotation system was the Flote-Tech system, a self-contained 
recycling system which uses an electric pump to circulate water and air through the 
samples (Dausman 1989; Hunter and Gassner 1998). Because of the need for a constant 
electricity source, the Flote-Tech system was not used on-site at el-Hemmeh. Instead, 
samples were brought from the field to the lab space at the American Center for Oriental 
Research (ACOR) in Amman and processed there. Less than half of the 2006 samples 
were processed using this system (after issues developed with the initial metal tank 
system). The Flote-Tech system worked quite well, but the transport of sediment samples 
to Amman- a two and a half hour drive -proved to be an issue of both time and 
logistics, and it was decided that a more convenient, on-site method needed to be found. 
The third flotation system, used during the excavations in 2007, consisted of a 
lightweight, plastic garbage bin accompanied by a manual bilge pump (Figure 4.3). The 
construction and operation of this tank has been detailed previously (Shelton and White 
2010). The bilge pump was directly mounted onto the rim of the plastic trash can and 
operated with one hand, with water circulating through the system at a rate of between 
25-40 liters per minute, while the other hand was used to keep floating plant remains 
moving along the water's surface. Instead of pumping water into the tank below the 
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Figure 4.3 The 2007 flotation system, with a 1) tank-mounted hand pump, 2) flexible 
tubing, 3) 1 mm heavy fraction screen, and 4) 250 JJ.m bag attached to the light fraction 
overflow spout. 
sample, as in traditional tanks such as the Flote-Tech system, the manual system featured 
a flexible hose which the operator used from the top of the tank. Water could then be 
used to agitate samples as needed to clean the interior sides of the tank of any adhering 
charcoal and assist in pushing fragile remains into the light-fraction bag without 
additional damage. 
When a sample was finished processing (i.e., no more visible charcoal on the 
water's surface after substantial agitation), the heavy fraction screen and its contents were 
placed on newspaper to dry and covered with screen \Vith provenience tag attached. The 
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light fraction bag was next removed from the flotation tank and hung to dry in the shade 
along the reservoir bank. At the end of the day, the heavy fraction samples were bagged 
in plastic artifact bags for later sorting at the field lab. The light fraction bags were 
carefully transported to the field lab where they were hung until completely dry, rebagged 
in small plastic artifact bags, and rechecked for correct and complete provenience 
information. 
To ensure that all botanical material was collected and analyzed, the heavy 
fraction was also sorted for charcoal and other carbonized plant remains. Recovery of 
these "dense", or heavy, mineralized remains was limited by the 1.00 mm size mesh and 
resulted primarily in the collection of wood charcoal and large legume seeds such as 
vetch and pea. The heavy fraction was simultaneously examined by excavators in the 
field lab for lithics and other artifacts. During the 2007 season, heavy fraction sorting 
efforts focused on the PPNA flotation samples. The PPNA samples provided very little 
identifiable seed material (see Chapter 5), and Late PPNB heavy fraction samples for the 
2007 season were not fully sorted. The PPNA and Late PPNB light fraction samples did 
not undergo any preliminary analysis in the field lab, but they were carefully double-
bagged for transport when completely dry. The samples were packed in plastic containers 
with appropriate permits and shipped to the U.S. 
4.2.3 Dry sieving 
A small number (n=20) of 1-liter sediment samples were dry sieved using a 1 mm 
screen sieve during the 2007 excavation season (Figure 4.4). The purpose of dry sieving 
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Figure 4.4 Microvertebrate specialist Miriam Belmaker (right) and a student (left) dry 
sieve sediment samples from the Late PPNB/PPNC courtyard area. 
was two-fold: 1) to simultaneously retrieve macro botanical and microvertebrate remains 
from samples in high priority areas, and 2) to provide preliminary data for future 
comparisons of seed fragmentation rates using flotation vs. dry sieving methods. The 
sampling efforts were concentrated in the Late PPNB and PPNC courtyard area, where a 
1 x 2 m test' trench uncovered a dense stratigraphy of archaeological remains including a 
hearth, floor surface, and multiple midden contexts (Makarewicz 2010). Samples were 
sieved in the field, and remains were immediately transferred to protective plastic tubes, 
labeled, and placed in artifact bags for transport. 
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4.3 Laboratory Methods 
4.3.1 Sample Selection 
One hundred samples from el-Hemmeh were chosen for analysis in this project, 
consisting of both flotation and dry sieved samples. A total of 547liters of archaeological 
sediment was processed from 25 PPNA flotation samples, 55 Late PPNB flotation 
samples, and 20 Late PPNB dry sieved samples (Appendix B). Samples were chosen that 
1) best addressed the research questions presented as pm.i of this dissertation work, and 2) 
were reflective of the wide variety of context types across the site. In total, 3 7 
archaeological contexts from el-Hemmeh are examined and discussed as part of this 
re~earch: 15loci from the PPNA area and 32 from the Late PPNB excavation area (Table 
4.1). Deposits selected from each of the three PPNA structures ranged from high-priority 
floor surfaces, middens, hearth, bins, and human burials, to secondary and tertiary 
contexts of architectural collapse and post-abandonment filL From the Late PPNB 
deposits, samples from primary and secondary context types were chosen, including 
hearths, middens, and sediments directly overlying plaster floors, as well as samples from 
tertiary contexts such as sub-floor channel features. Twenty dry sieved samples were also 
analyzed from the Late PPNB/PPNC courtyard area in order to compare macro botanical 
results with samples processed using flotation. 
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Context Type Period Locus Context Description 
Disturbed PPNA 702 Disturbed Cultural Material 
Architectural PPNA 707 Architectural Wall Collapse 
PPNA 710 Architectural Wall Collapse(?) 
Hearth PPNA 717a Raised Hearth Feature Contents 
PPNA 717b Hearth Spread Contents 
PPNA 732 Hearth Feature Contents 
LPPNB 305 Hearth Feature Contents 
LPPNB 455 Hearth Feature Contents 
LPPNB 479/481 Hearth Feature Contents 
Floor Surface PPNA 713 Floor Surface/Floor Matrix 
PPNA 715a Floor Surface 
PPNA 721 Floor Surface/Midden 
LPPNB 141 Floor Surface/Architectural Collapse 
LPPNB 333 Stone Surface/Platform 
LPPNB 464 Floor Surface/Midden 
LPPNB 470 Floor Surface/Hearth Border 
LPPNB 560 Floor Surface/Midden 
LPPNB 562 Packed Earth Floor 
LPPNB 1001 Floor Surface 
Midden PPNA 718 Midden 
PPNA 729 Midden 
LPPNB 456 Midden 
LPPNB 461 Midden 
LPPNB 485 Midden/Architectural Collapse 
LPPNB 555 Midden (Cereal store) 
Structure Fill PPNA 715b Burial Structure Fill 
PPNA 719 Structure Fill 
PPNA 720 Burial Feature Fill 
PPNA 790 Bin Feature Fill 
LPPNB 145 Subterranean Bin Feature Fill 
LPPNB 353 Structure Fill 
LPPNB 378 Structure Fill 
LPPNB 408 Bin Feature Fill 
LPPNB 410 Bin Feature Fill (Burial) 
LPPNB 422 Structure Fill 
LPPNB 487 Structure Fill/Architectural Collapse 
LPPNB 489 Structure Fill/ Architectural Collapse 
LPPNB 491 Structure Fill 
LPPNB 492 Sub-Floor Preparation/Midden 
LPPNB 508 Bin Feature Fill 
LPPNB 513 "Cistern" Feature Fill 
LPPNB 518/530 Sub-Floor Preparation 
LPPNB 527 Structure Fill/Midden 
LPPNB 553 Sub-Floor Preparation 
LPPNB 1000 Structure Fill 
Channel LPPNB 506 Sub-Floor Channel Contents 
LPPNB 563 Sub-Floor Channel Contents 
Table 4.1 Thirty-seven archaeological contexts were examined from el-Hemmeh: 15 loci 
from the PPNA area and 32 from the Late PPNB excavation area. 
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4.3.2 Sample Sorting 
Macro botanical remains were sorted and analyzed at the Paleoethnobotany 
Laboratory in the Department of Archaeology at Boston University. Each sample was 
first weighed and then sorted using a size-graded set of geological sieves measuring 2.00 
mm, 1.00 mm, and 0.50 mm, as well as a collection pan. Each sub-sample was 
individually weighed and then examined under the microscope, including a quick scan of 
the <0.50 mm fraction in the collection pan. For the 2.00 and 1.00 mm fractions, all wood 
charcoal was counted, weighed, and collected for independent analysis by wood charcoal 
specialist, E. Asouti. Non-botanical items such as microvertebrate specimens were also 
removed and collected for analysis. All specimens were weighed using a benchtop 
analytical balance to 0.001 g, which allowed even the smallest :fragments to be precisely 
weighed. 
4.3.3 Identification and Seed Counts 
Specimens were identified using a Leica stereozoom microscope at 
magnifications of 10 to 3 Ox. The microscope set-up included a Leica Digital Fire Wire 
camera and Leica Application Suite software for photoimaging. Seeds and other non-
wood remains were identified to the species, genus, or family-level whenever possible. 
All snail shell, stones, and other micro-debris were noted, as well as any modem seeds 
and insect remains. Archaeological plant taxa were identified with the guidance of 
Professor Ksenija Borojevic at Boston University using the extensive seed reference 
collection housed in the laboratory (containing approximately 2000 specimens) as well as 
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appropriate textual material including the Flora Palaestina (Zohary 1966), seed 
descriptions provided by Colledge (1994), illustrations by van Zeist and Bakker-Berres 
(1982, 1984, 1985), and the Flora of Israel online database (Danin 2006+). 
Based on the careful recording of whole and fragmented seeds, final seed counts 
were completed for each identified taxon. Raw data are presented as absolute counts in 
the chapters 5 and 6. Specimens identified as whole seeds varied slightly by seed type: in 
most cases, the majority of the seed testa had to be preserved, as well as the hilum and 
overall seed morphology. For taxa which included whole seed specimens, it was also 
possible to estimate the number of whole seeds represented by the fragments. 
Barley, wheat, and wild Poaceae grains were counted as whole when identifiable 
to genus or species and when the following anatomical elements were present: seed testa 
(vertical striations present for barley), ventral furrow (open, widening furrow for barley), 
embryo, and at least 90% of the overall seed. Fragments of cereals and wild grasses were 
readily distinguishable from other seed taxa, even if very little was preserved, by their 
interior cell structure which often appears 'bubbly' and shiny after carbonization (Wright 
2003; Valamoti et al. 2008). Fragments that cold not be identified to a specific cereal 
genus were listed separately as 'cereal indeterminate'. 
More specific cereal categories were designed with the intent of distinguishing 
predomesticated and domesticated-type grains from the smaller, wild grains in both the 
PPNA and later samples. In order to identifY plump domestic-sized grains indicative of 
predomestication, barley grains were measured by width and breadth and categorized as 
morphologically wild, domestic-type, and indeterminate. These categories were based on 
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previously published measurements collected by Colledge (1998, 1994, 2001), Willcox 
(2004), and Meadows (2004) at other Pre-Pottery Neolithic sites in the Levant. Grains 
with a thickness of 1.5 mm or less and a breadth of2.25 mm or less were categorized as 
morphologically wild. Grains with a thickness of 1.5 or more and a breadth of2.5 mm or 
more were categorized as falling within a "domesticated" or cultivated range. Grains 
falling between these two groups were classified as 'intermediate'. 
Within the PPNA samples, 'cooked food residue' fragments derived from cereals 
were identified by their porous appearance similar to extremely charred grains. Residues 
and seed cakes have also been identified at the site of Jerf el Ahmar, Syria (Willcox 
2002). One radiocarbon dated sample from a PPNA hearth at el-Hemmeh was composed 
of polyaromatic hydrocarbons, suggesting a food origin (Makarewicz, personal 
communication). Individual cereal grains from the site also showed signs of food 
processing. These fragments were identified by (1) a single straight cut across the grain 
which is the result of human action, not rodent activity or post-depositional 
fragmentation, and (2) a 'puffing out' of the grain interior along this cut during the 
process of carbonization (as described by Valamoti et al. 2008). Processed cereal grains 
such as these were quantified as a separate cereal category because their high levels of 
fragmentation often made further identification impossible. 
Wild and cultivated cereal chaff was distinguished as singular glume base 
fragments, spikelet forks, and terminal spikelets. Although abundant, nearly 100% were 
fragmented (particularly at the basal end), and many lacked the defining characteristic of 
an abscission scar. Final counts reflect their fragmented nature, and no attempt was made 
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to quantifY them as 'whole' spikelets. Analysis of chaff specimens positively identified to 
the Hordeum genus (based on the overall straight y-shape morphology and small 
abscission scar relative to the spikelet width) were categorized according to the nine 
morphologies illustrated by Colledge (1994: Table 4.7). An additional category was 
added to denote specimens (predominantly found in the PPNA levels) demonstrating a 
unique "ripped" abscission scar and ventral surface. 
The identification and quantification of large-seeded legumes was particularly 
problematic given the general lack of preserved seed testa on many specimens, as well as 
the tentativeness with which one must approach the wild/cultivated distinction in the 
PPNA (see Butler 1998; Kislev and Bar-Yosef 1988; Willcox et al. 2008). Specimens 
were grouped by genus (e.g., Vicia sp.) or similar category based on seed shape and 
morphological characteristics (e.g., Vicia/Lathyrus-type) when preesrved. 
Whole Pistacia nutlets, nutshell fragments, and stem attachments were present in 
nearly all the samples, and were found in large numbers in many of the samples. Nutshell 
fragments were weighed and divided by the weight of one whole pistachio nutlet to 
determine the final count of 'whole' pistachio nutlets, although absolute counts are also 
provided. Stem attachments were counted separately. For other species of nutshell and 
fruit pits which were much rarer, such as Amygdalus ( ahnond), each fragment was 
counted individually since it was unlikely that fragments found in other samples 
originated from the same specimen. 
Large numbers of fig seeds were also found in many samples. Arriving at the 
number of 'whole' fig fruits represented was problematic since a typical Ficus fruit may 
98 
contain thousands of seeds. No attempt was made to calculate the number of whole fig 
fruits represented in the samples. Additional charred fig fruit parts, such as exocarp 
fragments (with fig seed impressions) and mericarp flesh (with seeds in place) were 
quantified independently. 
Various seed types grouped as weed species and wild taxa were recovered in the 
> 1.00 mm and >0.50 mm light fractions. Seeds identifiable to species or genus were 
counted as one, even if slightly fragmented. Mineralized Boraginaceae nutlets were also 
quantified in this way. Small-seeded legumes (i.e., Astragalus, Melilotus, Trigonella, 
Trifolium) were especially difficult to distinguish from each other (see Colledge 1994 and 
de Moulins 1997), and unidentifiable fragments ofthese seeds were categorized as a 
general group, 'small-seeded legumes indeterminate'. Other non-seed specimens, such as 
Geraniaceae spiral beaks and legume pod fragments, were noted as single specimens due 
to the likelihood that fragments derived from multiple inflorescences. 
4.4 Methods of Quantification 
Five methods of analysis were employed to examine the macro botanical evidence 
from el-Hemmeh: 1) absolute counts and weights, 2) whole seed equivalents and rates of 
fragmentation, 3) ubiquity calculations, 4) ratios and densities, and 5) percentage 
distributions. As a (qualitative) starting point, the presence of all species identified in the 
PPNA and Late PPNB samples is noted here. This comprehensive presence/absence list 
ofPPNA and Late PPNB species (see Table 4.2), while not offering any quantitative 
information about seed counts or their frequency across the site, does provide important 
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Identified Taxa Presence at 
el-Hemmeh 
Cereals PPNA LPPNB 
Hordeum distichum X 
Hordeum spontaneum!distichum X X 
Hordeum spontaneum X X 
Triticum dicoccum X 
Triticum dicoccum/monococcum 
Triticum dicoccoides X X 
Large-Seeded Legumes 
Lens orientalis/culinaris X X 
Vicia ervilia X 
Vicia sp. X X 
Vicia/Lathyrus X 
Small-Seeded Legumes 
Astragalus sp. X X 
Cicer sp. X X 
Coronilla sp. X X 
Medica;<o radiata X X 
Medicago cf. minima X 
Medica;<o sp. X X 
Melilotus sp. X X 
Onobrychis sp. X 
Scorpurius sp. X 
Trifolium sp. X 
Tri;<onella astroites X 
Trigonella sp. X X 
Wild Grasses 
Aegilops sp. X X 
Avena sp. X 
Bromus danthoniae-type X X 
Bromus sterilis-type X X 
Eremopyrum sp. X 
Hordeum zlaucum X 
Lolium sp. X 
Panicum X 
Phalaris sp. X X 
Poa bulbosa X X 
Stipa sp. X X 
Wild/Weedy Taya 
Adonis sp. X 
Aizoon hispanicum X X 
Aizoon sp. X 
Ajuga cf. chia X 
Amaranth sp. X 
Table 4.2 A presence/absence list of the plant taxa occurring in the archaeological 
samples from el-Hemmeh. 
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Identified Taxa (cont.) Presence at 
el-Hemmeh 
Wild/Weedy Taxa (cont.) PPNA LPPNB 
Androsace maxima X 
Anthemis sp. X 
Aphanes sp. X 
Arnebia decumbens X X 
Artemisia sp. X 
Asteraceae X 
Brassicaceae X 
Centaurea sp. X 
Chenopodiaceae X 
Coriander sp. X 
Cyperaceae X 
Erodium sp. X X 
Fumaria cf. densijlora X X 
Fumaria sp. X X 
Galium sp. X X 
Glaucium cf. corniculatum X 
Heliantheumum sp. X 
Heliotropium sp. X 
Liliaceae X 
Lithospermum tenuiflorum X X 
Malva cf. parviflora X X 
Malvasp. X X 
Ornithogalum ~- X 
Peganum harmala X 
Plantago sp. X X 
Sa/sola sp. X 
Scirpus sp. X 
Silene sp. X 
Solanaceae X 
Fruits and Nuts 
Am)lgCialus sp. X 
Ficus carica X X 
Pistacia cf. atlantica X X 
Table 4.2 A presence/absence list of the plant taxa occurring in the archaeological 
samples from el-Hemmeh (continued). 
qualitative information (Dennell1976). From the botanical taxa list, one can formulate 
questions about the presence of edible plants, wild and/or cultivated species, seasonality 
of occupation, and paleoenvironmental conditions (Wright 1998: 196). It also provides 
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the quickest means to assess the basic similarities and differences between the PPNA and 
Late PPNB archaeobotanical assemblages at the site. 
4.4.1 Absolute Counts 
A basic and straightforward means ofmacrobotanical quantification is absolute 
counts of identified plant taxa (Marston, in press; Wright 1998; Popper 1988). Every 
specimen of seed, nutshell, or other plant part - whether whole or fragmented - was 
counted and weighed. Absolute counts and weights allow for an examination of 
archaeobotanical patterns at a basic level (see Miller 1988; Pearsall2000; Popper 1988), 
including the differentiation between regularities (the most common species) and 
accidents or outliers, where perhaps only a single fragment is present. 
The quantification of counts and weights does, however, pose a number of 
problems. Comparison between samples or contexts assumes a standardized sample size, 
which is rarely the case in archaeology. At el-Hemmeh, the amount of floated sediment 
from PPNA contexts ranged from 1.5 liters to 51 liters, so it is clear that samples are not 
directly comparable without additional measures. In addition, certain taxa are more likely 
than others to be preserved (to varying degrees) in the archaeobotanical record. This is 
due to three primary factors. First, exposure to carbonization- not all plant material 
accumulated on-site is likely to be exposed to the charring process. Moreover, a specific 
set of charring circumstances is optimal for carbonization, i.e., exposure to 3 00 degrees C 
for 50 minutes (see Wright 2003), but distortion/destruction levels may vary greatly 
between taxa. Second, the physical composition of the plant material- hard seeds and 
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plant parts such as wood, nutshell, and fruit pits typically preserve well, while softer and 
more fragile remains such as tubers and leaves may not survive. Third, the number of 
identifiable seeds, etc., produced by a single fruit or plant. For example, a single Ficus 
carica fruit may produce hundreds or thousands of individual drupelets, while just four to 
12 seeds may be present in a single Vicia sp. pod. The absolute number of seeds and seed 
fragments are therefore likely to over-represent certain taxa groups and cannot be 
considered a reliable indicator of absolute food values at the site (Marston in press; 
Popper 1988; Pearsall2000). 
Another problem is the varying weight of seeds: large cereal grains and legumes 
may weigh wear ten times that of a single fig pip. Because weight is dependent on size 
and density of a seed, quantification of taxa by weight may skew comparisons toward 
heavier seeds (Wright 1998: 198). A similar situation occurs with the comparison of seed 
fragments. Taxa that may have many fragments but few whole specimens (e.g., Pistacia 
nutshell) will be overrepresented in the fmal counts. In order to contend with these issues, 
various examinations of counts and weights have been designed by archaeobotanists to 
assist in standardizing quantification measures. 
4.4.2 Whole Seed Counts and Fragmentation Rates 
One possible means of accounting for the discrepancy caused by varying 
specimen fragmentation rates is to calculate the number of 'whole' seeds represented 
within an assemblage of fragments (MacNeish 1967; Lopinot 1982; Porzorski 1983; 
Flannery 1986). The number of'whole' seeds can be estimated by identifying a specific 
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seed element (e.g., the presence of a legume hilum) on each fragment. In such a case, 
only a legume specimen exhibiting a complete hilum would be counted as a whole seed. 
Another method is to calculate the minimum number of individuals (J\1NI), as is used in 
zooarchaeology, although these calculations also typically involve the computation of 
food values (Pearsall2000; Wright 1998). 
A third method, used here, calculates the number of 'whole' seeds by dividing the 
total weight of a given taxon group by the weight of a single whole specimen. The weight 
of a 'whole' seed is determined by averaging the weights of multiple whole seeds already 
present in the assemblage. Complications can arise if the weight of a whole specimen 
varies greatly throughout the samples or if such data is not available (e.g., whole fig fruits 
are not present in any sample). 'Whole' seed calculations were thus only possible for a 
limited group of 53 taxa from el-Hemmeh. 
Varying levels of seed fragmentation between taxa is not uncommon given 
differences in seed size, shape, and composition, as well as the variable levels of 
distortion caused during the carbonization process (Boardman and Jones 1990). The 
problem of seed fragmentation has been previously addressed through sample-by-sample 
and site-by-site comparisons of overall seed fragmentation rates by Colledge (1994) in 
her study ofEpipaleolithic and Neolithic sites in Syria and Jordan. 
Counting the number of all seed fragments and all whole seeds identified during 
analysis of a given sample, Colledge divided the number of fragments by the total of 
whole seeds (1994: 152-153). This provided an index between 0 (no fragmentation) and 
5+ (high fragmentation levels) for each sample. No distinction between individual taxa 
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was made, except the inclusion/exclusion of cereal data. Totals across the site were then 
averaged to obtain a fragmentation index for the entire site, which allowed comparisons 
with other contemporary sites. Colledge noted that certain taxa, such as cereal grains, 
were much likely to break than smaller, compact seeds and could skew fragmentation 
rates (1994: 153). Thus samples with higher numbers of cereals also typically possessed 
higher fragmentation rates. 
This issue is explored in more detail using the total assemblage data from el-
Hemmeh and the calculated whole seed counts. The seed fragmentation value for each 
individual taxon has been determined by dividing the total count of all specimens within 
a given taxon by the number of calculated whole seeds present within it. This provided an 
index between 1.00 (no fragmentation) and 28.14 (very high fragmentation) (Table 5.5 
too). Some taxa produced a fragmentation number smaller than 1.00 as a result of varied 
seed weights, and these groups were included in the 1.00 "no fragmentation" category. 
An additional means of evaluating botanical preservation levels is through the use 
ofwood charcoal fragmentation ratios. Shelton (2008: 187) has advocated comparing 
fragmentation values for wood charcoal found in the >2 mm size fraction with wood 
recovered in the> 1 mm size fraction. The greater the percentage of wood found in the 
larger fraction, the less fragmented the sample is considered to be. Fragmentation values 
were calculated for each analyzed context from el-Hemmeh by determining the total 
weight of wood present (greater than 1 mm in size) and then comparing the wood weights 
from the >2 mm and> 1 mm fractions as percentages of the total (Shelton 2008: 187). 
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4.4.3 Ubiquity 
Simple quantification methods such as absolute counts and 'whole' seed counts 
provide a useful starting point, but they are of little use when attempting to make more 
detailed interpretations ofpaleoethnobotanical data (Wright 1998). A unique measure 
that has been widely used by archaeobotanists is ubiquity, a method which standardizes 
presence/absence values across samples without using absolute count data (Pearsall 2000; 
Marston in press). Ubiquity, also known as presence analysis, denotes the number (or 
percentage) of proveniences in which a certain plant taxa was identified (Pearsall2000; 
Popper 1998). This calculation is often used by archaeobotanists because it more closely 
linked with utilization rates (Minnis 1985: 1 06). The basic logic is that a plant which is 
heavily used has a greater chance of occurring in a variety of contexts and with more 
frequency. For example, at a site in which lentils are present in 1 of 10 contexts, lentils 
would have a ubiquity of 10%. Whether a species is present in large amounts within a 
given sample or as just a single specimen does not factor into ubiquity percentages - it 
receives the same value. 
One issue is that ubiquity percentages can be skewed due to unequal numbers of 
samples from two different contexts, thereby inflating the frequency scores of taxa 
present in one (Popper 1988: 61). Additionally, interpretations of presence/absence data 
can be skewed by widely differing preservation levels. Marston notes that in situations of 
widely variable samples, "ubiquity may be more misleading than helpful in identifYing 
meaningful patterns of deposition among plant remains because a simple ubiquity 
measure will conflate and obscure intrasite variation (in press: 3). 
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The use of ubiquity measures at el-Hemmeh has accounted for three critical 
factors: 1) the varying number of samples analyzed from a given context; 2) the varying 
level of macro botanical preservation between samples; and 3) issues of comparison 
between the PPNA and Late PPNB data. The first factor has been corrected by counting 
the total number of contexts analyzed, not the total number of samples analyzed. Care 
was taken to average the scores of samples from the same proveniences so that certain 
taxa groups did not appear over represented. The second factor has been corrected by 
including in the ubiquity percentages from only relatively rich contexts: each context 
yielded at least 100 seed specimens with a density of at least 5 specimens/L. This limits 
the application of ubiquity percentages at el-Hemmeh to seven rich PPNA contexts and 
20 Late PPNB contexts. 
The third factor, assessments of change in ubiquity rates through time, relies on 
two independent factors. Either the frequency of use changes, or the ways in which the 
plant is used are altered. A common assumption discussed by Wright (1998: 201) is that 
archaeobotanists often a priori assume a plant species has a specific and unchanging 
function across space and time. A quick mention of two-row barley illustrates how 
oversimplified such assertions can be. During the Early Bronze Age in the southern 
Levant, barley occupied multiple roles: as one of the first cultivated crops consumed by 
humans, as a weed in cultivated wheat fields, and as fodder consumed by domesticated 
sheep and goats (Fall et al. 2002). Its presence on early prehistoric sites may indicate 
these varied uses simultaneously and confuse temporal trends. 
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When comparing PPNA and LPPNB archaeobotanical assemblages from el-
Hemmeh, ubiquity analysis cannot be used as the sole means of assessment. This is due 
to the reasons provided above as well as the uneven number of analyzed contexts 
included in ubiquity calculations: with seven PPNA contexts and 20 Late PPNB contexts, 
comparisons of ubiquity would therefore be skewed toward higher percentages in the 
PPNA. As such, ubiquity calculations from the two periods are not directly compared and 
are instead discussed within their own assemblages as a means of evaluating the most 
prevalent plant taxa amongst these well-preserved contexts. 
4.4.4 Ratios and Densities 
Observing patterns in paleoethnobotanical data can be challenged by aspects of 
data "unevenness", including the number of samples analyzed per context and the total 
amount of sediment floated (Pearsall2000: 194). These variables may obscure significant 
patterns and hinder interpretations of plant material recovered from unique samples, 
contexts, and site assemblages. Archaeobotanists often choose to standardize their data 
through the use of ratios. The use of ratios enables the comparison of many variables, 
such as "(1) samples of unequal size, (2) samples differing in circUJ::?.stances of deposition 
and preservation, and (3) quantities of different categories or material that are equivalent 
in some respect" (Miller 1988: 72). Given the varying sample size and levels of 
preservation at el-Hemmeh, ratios provide a useful method for examining the data. 
The first type of ratio is one in which the numerator and denominator are mutually 
exclusive and compare relative amounts of two different items. Often, comparison ratios 
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are used to measure seed:wood or nutshell:wood with either weight, count, or volume as 
the norming variable (Miller 1988: 75). Wood charcoal is useful as the denominator 
because it typically represents common domestic fuel use and can control for likelihood 
of overall botanical preservation (Wright 1998: 204). However, in poorly preserved 
samples, wood charcoal is often present when whole carbonized seeds are not, indicating 
varying levels of preservation between taxa. Another issue is the origin of on-site wood 
charcoal and the assumption that it all originated from various hearth/fuel contexts. 
Accidental fires, ritual house burnings, and destruction levels are sometimes identified in 
the Neolithic archaeological record and also contribute to the preservation of 
macrobotanical remains (Harrison 2004, 2008; Fairbairn et al. 2007). At el-Hemmeh, 
isolated events such as these were not found during the 2004-2007 excavations, and it is 
indeed likely that the majority of wood charcoal within the analyzed samples represents 
daily fuel use and hearth ash discarded in middens. 
Comparison ratios are useful for measuring diachronic or intrasite variations 
between assemblages. Ratios have been used to study changes in fuel use, crop 
processing stages, agricultural risk management, and environmental degradation (Miller 
and Smart 1994; Klinge and Fall2010; Miller and Marston 2011). At el-Hemmeh, 
seed:wood ratios (by weight) are used to compare the assemblage composition ofPPNA 
and Late PPNB archaeological contexts and identifY the relative percentages of preserved 
seed to wood remains. 
The second type of ratio used here is the density ratio. In this ratio, density is 
expressed as an amount of charred plant material relative to a pre-determined amount of 
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sediment; that is, per liter of archaeological floated sediment. Density ratios are then 
calculated at the level of the individual contexts to determine the 1) number of identified 
seed specimens per liter (NISP/L); 2) weight of seed specimens per liter (giL); 3) weight 
of wood charcoal per liter (giL); and 4) total weight ofboth wood and seed remains per 
liter (giL). 
4.4.5 Percentage Distributions 
A frequently used method of examining patterns in macro botanical data is that of 
percentage composition (Pearsall2000; Marston in press). Percentage calculations can be 
expressed through the use of pie charts in which absolute numbers of specimens are 
viewed as percentages of the whole assemblage, either by colmt or weight (Lennstrom 
and Hastorf 1995; Pearsal12000). This form of standardization allows samples of varying 
sizes and numbers of identified specimens to be directly compared and contrasted. Pie 
charts provide a valuable means of visualizing relative percentages of plant remains and 
interpreting intrasite variation on a context-by-context basis, provided that preservation 
conditions are relatively similar. 
One issue with pie charts is that data from a small sample or a very large 
assemblage receives equal representation, so it is necessary that preservation conditions 
are reasonably even across the samples for comparative purposes (Pearsal12000: 199). 
Seven well-preserved PPNA and 20 Late PPNB contexts were chosen for comparison, 
each containing at least 100 seed specimens and possessing a density greater than 5 seed 
specimens/L. In order to acknowledge the level of context-specific variation in the el-
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Hemmeh samples, each pie chart is accompanied by the number of identified specimens 
(NISP) and volume of sediment floated. 
Calculations reflect the relative percentages ofNISP from each of the main taxa 
categories (i.e., cereals, chaff, large legumes, small legumes, wild grasses, wild/weedy 
taxa, and fruits and nuts) for each context. Due to the high level of over-representation 
within the fruit/nut category caused by fig pips and pistachio nutshell fragments, 
percentages are provided both with and without this group included in the percentage 
calculations. 
4.5 Phytoliths and Sediment pH 
In addition to macro botanical samples, small samples ofloose archaeological 
sediment from el-Hemmeh were also collected for phytolith extraction. These samples, 
typically between 50-100 g, were collected by the excavators using the point method and 
were sampled from the same contexts as flotation samples. Subsequent processing of 44 
phytolith samples occurred in the Paleoethnobotany Laboratory and the Department of 
Chemistry at Boston University. Two separate protocols were used to process and extract 
phytoliths (for methodologies, see Jenkins et al. 2011 and Katz et al. 2010). Microscopic 
analysis at 200-400x revealed that in both cases phytolith preservation from el-Hemmeh 
was very poor. Nearly all identified phytoliths were single-cell specimens that could not 
be identified beyond the family level (e.g., Poaceae stem), and high levels of surface 
pitting and dissolution obscured nearly all diagnostic features (e.g., papillae) ofthe few 
multi-cell composites present. 
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Alkaline soil conditions may negatively affect the preservation of phytoliths. Soils 
with a pH higher than 9 often contain very low numbers of phytoliths, although 
additional factors such as weathering may affect phytolith preservation even below a pH 
of9 (Piperno 2006: 22). Four pH readings were taken from sediments collected from el-
Hemmeh during the 2006 season following the protocol outlined by Piperno (2006: 84) 
(Table 4.3). Sediments were mixed in a 1:3 soil-to-water ratio in the laboratory, and 
Merck ColorpHast indicator strips soaked in the mixture were used to gauge the pH. The 
deposits provide an average pH reading of 8.35, suggesting variable but generally high 
levels of soil alkalinity, particularly in contexts with high ash content (i.e., hearths and 
hearth sweepings). This observation is particularly important given that cooking features 
are likely to contain ash and maintain a pH between 8.5 and 9.25 (Braadbart et al. 2009: 
1674). Many ofthe charcoal-rich archaeological contexts at el-Hemmeh likely have a 
high pH and may therefore possess a very low level of phytolith preservation. 
Context Designation pH Phytolith Seed Sediment Description 
Preservation Preservation 
Locus 353 (Space 12) 7.8 Poor Good Structure fill-loose, 
homogenous 
Locus 378 (Space 16) 8.1 Poor Good Structure fill - high 
organic content 
Locus 305 (469E/228N) 8.6 Poor Poor/1\fone Primary hearth deposit-
fine ash 
Locus 333 (463E/229N) 8.8 Poor Poor Stone surface- secondary 
ash 
Table 4.3 Contexts from the Late PPNB excavation area sampled for pH readings during 
the 2006 field season (Merck ColorpHast indicator strips were used for processing in the 
Paleoethnobotany Lab, Boston University). 
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4.6 Summary 
This chapter describes the methods used to collect, recover, identifY, and analyze 
macrobotanical remains from the site of el-Hemmeh. In the field, the 2004-2007 flotation 
program employed an evolving recovery strategy (sensu Hageman and Goldstein 2009: 
2849) to develop the most effective flotation system for the project. The three flotation 
techniques used at el-Hemmeh are described in this chapter, as well as the dry sieving 
methods used to collect plant remains for comparative purposes. In the lab, sample 
selection, sorting, and methods of specimen identification are discussed. A subsequent 
discussion explains the five methods used to quantifY and analyze the data used in this 
dissertation work: absolute counts, whole seed equivalents and rates of fragmentation, 
ubiquity, ratios and densities, and percentage distributions. A fmal section summarizes 
the author's attempts at phytolith extraction and provides a possible explanation for the 
poor levels of phytolith preservation in the analyzed samples. 
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Chapter 5. The PPNA Macro botanical Assemblage 
5.1 Introduction 
The carbonized macro botanical remains that were collected and analyzed from 
the PPNA contexts at el-Hemmeh are presented and discussed in this chapter. In the first 
section, 5.2 Overview of the Assemblage, a summary of each primary plant taxa category 
is provided. Next the analyzed PPNA contexts are described individually to detail aspects 
of sediment type, artifact distribution, and excavator interpretation (5.3 Contextual 
Summaries). Also included in section 5.3 are context-specific summaries of the charred 
plant remains recovered during flotation and a discussion of each assemblage 
composition. The PPNA dataset is examined in section 5. 4 Data Analysis using absolute 
counts, as well as methods such as ubiquity, comparison ratios, density calculations, and 
percentage distributions. In section 5.5 Discussion, these findings are summarized with 
particular attention paid to activity areas, differences between structures, and issues of 
deposition and preservation. 
5.2 Overview of the Assemblage 
A total of 25 flotation samples were analyzed from the PPNA deposits 
representing 191liters of floated archaeological sediment. Samples were analyzed from 
15 individual contexts across the site, from each of the three excavated structures and 
their features within (e.g., bins, hearths, burials, floor surfaces, etc.) (Figure 5.1, Table 
5.1). A total of3844 non-wood macrobotanical specimens were identified from these 
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Figure 5.1 Distribution of 15 loci (denoted by numbers in boxes) analyzed from the 
PPNA archaeological deposits at el-Hemmeh. 
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samples weighing 4.53 g (Table 5.2-5.4). \Vhile wood charcoal identifications are not 
discussed here (as they are currently being independently analyzed by E. Asouti at the 
University of Liverpool), the initial counts, weights, and fragmentation rates of the wood 
assemblage is addressed as a supplement to the presented seed data. In order to examine 
and discuss the non-wood botanical remains here, a number of basic taxa categories have 
been created: cereal grains, cereal chaff, large legumes, small legumes, wild grasses, 
wild/weedy taxa, and fruits and nuts. 
Table 5.1 Context information for 15 analyzed PPNA loci, arranged by context type. 
Deposition classes reflect in situ activity deposits (Class A); re-deposited primary refuse 
(Class B); and archaeobotanical "background noise" (Class C) (sensu Fuller 2008: 189). 
Locus designations indicate the potential mixing of sediments with varying depositional 
histories within each locus. 
Structure Deposition Locus 
Context Type Locus Description No. Class Designation 
Hearth 717a Hearth Platform Contents 1 A Primary 
717b Hearth Feature Contents 1 A Primary 
732 Feature/Dump Contents 3 B Primary IS econdary 
Floor Surface 715a Floor Surface Layers 1 B Primary/Secondary 
721 Floor Surface Layers 1 B Primary/Secondary 
Architectural 707 Roofing/Wall Collapse 1 B Secondary 
710 Collapse/Midden 1 B Secondary 
Midden 713 Midden (Post-abandon.) 1 B Secondary 
718 Midden 1 B Secondary 
729 Midden (Post-abandon.) 3 B Secondary 
Structure Fill 715b Burial Feature Fill 1 c Tertiary 
719 Sub-Floor Prep./Fill 2 c Tertiary 
720 Burial Feature Fill 2 c Tertiary 
790 Bin Fill 2 c Tertiary 
Disturbed 702 Disturbed PPNA Material 1 c Tertiary 
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Table 5.2. Relative percentages of the plant taxa categories present in the PPNA seed 
assemblage. Percentages are calculated by both number of identified specimens (NTSP) 
and weight (g). 
NISP Seed Assemblage Weight Seed Assemblage 
(% byNISP) (g) (% bywt.) 
Cereal Grains 1896 49.7 2.024 44.6 
Cereal Chaff 106 2.8 0.064 1.4 
Large Legumes 259 6.8 1.096 24.2 
Small Legumes 62 1.6 0.063 1.4 
Wild Grasses 183 4.8 0.151 3.3 
Wild/Weedy 171 4.5 0.250 5.5 
Fruits and Nuts 1140 29.9 0.886 19.5 
Totals: 3817 100% 4.534 100% 
5.2.1 Cereals 
The cereal grains category represents 49.7% of the total non-wood 
macro botanical assemblage by NISP (n=1896) recovered from the PPNA deposits (Table 
5.2). Together with chaff remains (2.8%, n=l 06), cereals represent over 50% of the 
identified specimens from el-Hemmeh. This category is primarily composed of wild and 
cultivated barley remains, Hordeum spontaneum (Koch), as well as a few specimens of 
Triticum dicoccoides (Koem.) (Table 5.3). Well-preserved cereal grains were measured 
and categorized into three groups: wild, cultivated, and intermediate types. Nearly 42% 
ofthe measured grains were identified. as a wild. type (n=33), while 38% were identified 
as a plump cultivated type (n=30), with 20% identified as intermediate grains (n=16). 
These numbers suggest a partially wild and partially cultivated. barley grain assemblage. 
Of the grains within the PPNA assemblage identified as emmer wheat (n=4), three were 
categorized as wild emmer, along with one indeterminate grain fragment. 
Rachis internodes (i.e., spikelet forks) were divided into categories by abscission 
scar morphology: wild, domesticated, indeterminate, and a ripped-rachis type with tom 
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scar and ventral surface. Nearly 77% of the barley rachis specimens possess a wild type 
scar (n=50). Only 6.2% have a rough scar indicative of domestication (n=4), and another 
11 have a ripped rachis morphology suggesting a threshing or processing activity (16.9%, 
n=11). When combined, a total of 15 specimens, 23.1% of the barley rachis assemblage, 
provide evidence ofhuman-aided disarticulation. Of the few emmer wheat fragments 
found, two rachis specimens possess a wild scar, and an additional specimen displays a 
ripped morphology. 
A few of the grains identified in the PPNA deposits appear to have been 
processed by humans (n=25). Some display evidence of fragmentation/grinding prior to 
being charred (n=20) while others were fused together as a residue during the cooking 
process (n=5). These remains represent a very small percentage of the overall cereal 
assemblage Gust 1.3%), yet still provide important information about the types of 
activities involved in processing cereals for consumption. 
5.2.2 Large-Seeded Legumes 
Included in the large legume category are primarily two types of legumes, lentils, 
Lens cf. orientalis, and vetch, Vicia sp. (Table 5.3). These cultigens have a long history 
of utilization, and their early cultivation/domestication has been argued during the PPNA 
based on large quantities recovered at sites such as Gilgal (Kislev 1997, Weiss et al. 
2006), as well as slight changes in seed morphology (Butler 1998). The large legumes are 
found in much higher numbers (n=259) than the small-seeded legumes (n=62) recovered 
from the PPNA deposits at el-Hemmeh. However, the preservation of these seeds is not 
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ideal: many of their diagnostic surface characteristics (e.g., seed testa, hilum) are missing 
or abraded. Vicia specimens are not easily identified to the species level, and it is likely 
that the medium- and large-seeded legume indeterminate category consists primarily of 
Vicia specimens missing these diagnostic markers. Indeterminate legume fragments of 
the Vi cia type are found in 10 of the 15 contexts, and lentils found in nine. A second, 
more elongate form of Vicia sp. has been noted as Vicia/Lathyrus, although this type is 
present in only one sample (n=5) and could not be reliably distinguished further. Lentils 
are the most abundant large legume found in the samples (n=97) and represent 35.5% of 
the large legume group by NISP. The lentil specimens are referred to as Lens cf. 
orientalis due to their ambiguous status as a wild and/or cultivated species at el-Hemmeh, 
although their relatively large numbers suggest that they may have been intensively 
collected around the site. Large legumes are the third-most abundant seed category, after 
cereal grains and fruits and nuts, representing nearly 7% of the non-wood plant 
assemblage. 
5.2.3 Small-Seeded Legumes 
The category of small-seeded legumes is one ofthe smallest groups within the 
PPNA assemblage, with just 62 specimens identified (l'able 5.3). The most abundant 
taxa within this group are the seeds of Astragalus (n=12), Medicago radiata (n=9), and 
Trigonella (n=9). Unlike the Late PPNB assemblage, where small legumes compose a 
very high percentage of the overall seed assemblage, small legumes in the PPNA 
represent just 1.6% of the non-wood plant assemblage (Table 5.2). 
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5.2.4 Wild Grasses 
Wild Poaceae specimens are more numerous than small-seeded legumes and 
comprise nearly 5% ofthe PPNA assemblage (n=183) (Table 5.2). Both wild grains 
(n=128) and chaff (n=55) are present. The most numerous identified grass genera are 
canary grass (Phalaris), both large and small-seeded, smooth barley (Hordeum glaucum 
Steud.), and bulbous bluegrass, Poa bulbosa L. The most ubiquitous are small-seeded 
Phalaris sp., unsprouted Poaceae embryos, and indeterminate Poaceae grain fragments, 
found in seven and six of 15 contexts respectively. A high degree of :fragmentation is 
present for the wild Poaceae grains, and many could not be identified to genus (n=3 8). 
5.2.5 Wild/Weedy Taxa 
The wild/weedy category encompasses a variety of plant families, including 
members of the Boraginaceae, Geraniaceae, Plantaginaceae, and Malvaceae families 
(Table 5.3). It is likely that the plant remains present are representative of ruderal species 
found in disturbed places and cultivated fields, wild plants used as food resources, 
medicines, and condiments/spices, and species utilized as construction materials (as well 
as those which may have been unintentionally brought to the site). The wild/weedy 
category represents 4.5% ofthe total PPNA seed assemblage (n=171) (Table 5.2). For 
some genera, such as Artemisia sp., identification is limited by the presence of just one or 
two archaeological specimens. For others, such as Silene sp., there are numerous modern 
species of this genus present in Jordan (in this case, over 30) with very similar 
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morphologies, making identification extremely difficult. Wild taxa identified to the 
species level in the PPNA samples include Aizoon hispanicum, Andros ace maxima 
(rockjasmine), Arnebia decumbens and Lithospermum tenuiflorum of the borage family, 
and varieties of mallow, Malva cf. parviflora. The most abundant are the borage nutlets 
(n=72), followed by Erodium sp. seeds and beak fragments (n=44), and Plantago sp. 
seeds (n=20). These are also the most ubiquitous species. Many of the other wild taxa 
only appear in one or two conteXts. 
5.2.6 Fruits and Nuts 
Another main group is that of fruits and nuts, primarily pips of Ficus carica and 
nutshell fragments from Pistacia cf. atlantica. While this category represents 29.9% of 
the total seed assemblage (n=1140), it is likely over-represented by the high number of 
nutshell fragments, as well as the high number of pips produced within a single fig fruit. 
By weight (g), fruits and nuts are just 19.5% of the assemblage (Table 5.2), third after 
cereal grains and large legumes. However, fig pips and pistachio nutshell fragments are 
among some of the most ubiquitous plant taxa found at the site, with pips found in 14 
contexts, and nutshell found in 13 of the 15 total contexts. The fruits and nuts category 
also includes a high number of unknowns: unidentified nutshell types, fruit pits, and fruit 
seeds, as well as a small number ofwhat are most likely almond (cf. Amygdalus) nutshell 
fragments. 
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Locus 702 707 710 713 
Structure Number 1 1 1 1 
Context Type Disturbed Architectural Architectural Midden 
Volume of sediment floated (L) 8.0 5.0 18.0 11.0 
Cereals Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Hordeum spontaneum wild-size gm 1 0.002 
Hordeum spontaneum cult-size gm 1 0.003 
Hordeum spontaneum intermed gm 1 0.001 
Hordeum sp. indet gm frags 2 0.003 1 0.001 2 0.001 
Hordeum spontaneum wild-type rachis 1 0.001 1 0.001 2 0.001 
Hordeum spontaneum dom-type rachis 
Hordeum sp. ripped-scar rachis 1 0.001 
Hordeum sp. basal spikelet 
Hordeum sp. indet spikelet fork 2 0.002 
Triticum dicoccoides gm 
cf. Triticum gm 
Triticum dicoccoides wild fork 
Triticum sp. ripped-scar spikelet fork 
Triticum sp. indet spikelet fork 
Triticum sp. glume base 
Cerealia indet gm frags 1 0.002 3 0.007 4 0.004 11 0.006 
Hordeum sp. processed gm frag 
Poaceae processed gm frag 
Cooked cereal residue frags 
Total cereal grains and frags 3 0.007 5 0.010 5 0.005 14 0.008 
Total chaff 1 0.001 1 0.001 0 0.000 5 0.004 
Large Legumes 
Lens cf. orientalis 2 0.008 1 0.002 
cf. Lens 
Vicia sp. 
Vicia/Lathyrus 
Large-seeded legume indet 2 0.007 1 0.003 
Medium-seeded legume indet 1 0.002 1 0.004 1 0.002 
Total large legumes 1 0.002 5 0.019 2 0.004 1 0.003 
Small-Seeded Legumes 
cf. Cicer (small) 
Medicazo radiata 
Medicago cf. minima 
Medica;;o sp. 
Astragalus sp. 
cf. Astra:;zalus 
cf. Coronilla 
cf. Melilotus 
Melilotus sp. pod frag 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains. 
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Locus 702 707 710 713 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
cf. Trif{onella 
Small-seeded legume indet :frags 2 0.001 
Total small-seeded legumes 0 0.000 0 0.000 0 0.000 2 0.001 
Wild Grasses 
AeJ;ilops gm 
Bromus sp. long gm 
Bromus sp. short gm 
cf. Eremopyrum gm 
Hordeum J;laucum gm 
Hordeum J;laucum spikelet fork 
Hordeum sp. gm wide-furrow 
cf. Panicum gm 
Phalaris sp. small gm 1 0.001 
Phalaris sp. large gm 
Poa bulbosa bulbil 
Stipasp. gm 1 0.001 
Poaceae gm type 1 
Poaceae gm type 2 
Poaceae embryo unsprouted 2 0.001 
Poaceae embryo sprouted 
Poaceae spikelet fork 
Poaceae glume base 
Poaceae culm node 
Poaceae indet gm :frags 
Total wild Poaceae grains and frags 1 0.001 0 0.000 1 0.001 0 0.000 
Total wild Poaceae chaff 0 0.000 2 0.001 0 0.000 0 0.000 
Wild/Weedy Taxa 
Aizoon hispanicum 
cf. Aizoon 
cf. Amaranth 
Androsace maxima 
Arnebia decumbens-type 1 0.003 1 0.001 
Artemisia sp. 
Asteraceae-type 
Centaurea sp. 
Erodium sp. 
Erodium sp. spiral beak :frag 
Fumaria cf. densfflora 
Fumaria sp. 1 0.002 
Galium sp. large-type 
Galium sp. small-type 
Lithospermum tenuiflorum-type 3 0.006 2 0.005 2 0.001 3 0.005 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
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715a/105 715b 717a/104 717b 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
cf. TriJ;;onella 
Small-seeded legume indet frags 3 0.002 
Total small-seeded legumes 0 0.000 0 0.000 0 0.000 5 0.004 
Wild Grasses 
Ae;;ilops grn 1 0.002 
Bromus sp. long gm 
Bromus sp. short gm 
cf. Eremopyrum gm 1 0.001 3 0.004 
Hordeum ;;laucum gm 1 0.001 
Hordeum ;;laucum spikelet fork 
Hordeum sp. gm wide-furrow 
cf. P ani cum gm 1 0.001 
Phalaris sp. small gm 1 0.001 1 0.001 4 0.003 
Phalaris sp. large gm 1 0.001 
Poa bulbosa bulbil 1 0.001 1 0.001 
Stipasp. gm 
Poaceae gm type 1 
Poaceae gm type 2 
Poaceae embryo unsprouted 1 0.001 
Poaceae embryo sprouted 1 0.001 
Poaceae spikelet fork 4 0.003 
Poaceae glume base 
Poaceae culm node 
Poaceae indet gm frags 10 0.007 5 0.004 
Total wild Poaceae grains and 
frags 15 0.012 2 0.002 0 0.000 14 0.012 
Total wild Poaceae chaff 2 0.002 0 0.000 0 0.000 6 0.005 
Wild/Weedy Taxa 
Aizoon hispanicum 1 0.001 
cf. Aizoon 2 0.002 
cf. Amaranth 
Androsace maxima 
Arnebia decumbens-type 2 0.006 7 O.Q15 
Artemisia sp. 1 0.001 
Asteraceae-type 1 0.002 
Centaurea sp. 
Erodium sp. 1 0.001 1 0.001 3 0.002 
Erodium sp. spiral beak frag 1 0.001 1 0.001 
Fumaria cf. denstflora 
Fumaria sp. 
Galium sp. large-type 
Galium sp. small-type 
Lithospermum tenuiflorum-type 2 0.002 4 0.005 
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Table 5.3 Counts and weights (g) of the PPNA non-wood _l)_lant remains _(continued). 
702 707 710 713 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Malva cf. parviflora 
Malva sp. with pericarp 
cf. Malva 
Planta;:;o sp. 
Silene sp. 
Silene!Gypsophila 
Total wild seeds and plant parts 3 0.006 2 0.005 4 0.006 4 0.006 
Fruits and Nuts 
cf. Amygdalus nutshell frag 
Ficus carica drupelet 3 0.003 1 0.001 15 0.011 1 0.001 
Ficus carica mericarp 
Pistacia cf. atlantica whole nutlet 
Pistacia sp. nutshell frags 1 0.001 5 0.003 1 0.002 
Pistacia sp. attachment 
Unidentified nutshell1 
Unidentified nutshell2 with flesh 
Unidentified fruit pit frag (striated) 
Unidentified fruit seed testa (reticuL) 
Total pips, nutshell, and fruit parts 4 0.004 1 0.001 20 0.014 2 0.003 
Dung (<2mm whole, rodent-type) 
Total number of ID items and wt. (g) 13 0.021 16 0.037 32 0.030 28 0.025 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
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Locus 715a/105 715b 717a/104 717b 
Structure Number 1 1 1 1 
Context Type Floor Fill Hearth Hearth 
Volume of sediment floated (L) 24.0 1.5 4.0 28.5 
Cereals Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Hordeum spontaneum wild-size gm 3 0.009 5 0.020 
Hordeum spontaneum cult-size gm 'I 0.016 9 0.049 
Hordeum spontaneum intermed gm 1 0.005 3 0.018 
Hordeum sp. indet gm frags 6 0.017 1 0.001 5 0.008 
Hordeum spontaneum wild-type rachis 2 0.002 1 0.001 13 0.007 
Hordeum spontaneum dom-type rachis 
Hordeum sp. ripped-scar rachis 1 0.001 3 0.002 
Hordeum sp. basal spikelet 
Hordeum sp. indet spikelet fork 3 0.001 3 0.003 
Triticum dicoccoides gm 
cf. Triticum gm 
Triticum dicoccoides wild fork 
Triticum sp. ripped-scar spikelet fork 
Triticum sp. indet spikelet fork 
Triticum sp. glume base 
Cerealia indet gm frags 44 0.034 8 0.005 5 0.002 265 0.241 
Hordeum sp. processed gm frag 1 0.002 2 0.001 
Poaceae processed gm frag 3 0.003 
Cooked cereal residue frags 
Total cereal grains and frags 56 0.083 9 0.006 5 0.002 292 0.340 
Total chaff 6 0.004 1 0.001 0 0.000 19 0.012 
Large Legumes 
Lens cf. orientalis 4 0.014 1 0.002 16 0.052 
cf. Lens 1 0.001 
Vicia sp. 
Vicia/Lathyrus 
Large-seeded legume indet 9 0.036 1 0.008 5 0.018 
Medium-seeded legume indet 5 0.019 15 0.049 
Total large legumes 18 0.069 2 0.010 0 0.000 37 0.120 
Small-Seeded Legumes 
cf. Cicer (small) 
Medicago radiata 1 0.001 
Medicago cf. minima 
Medicas;o sp. 
Astragalus sp. 
cf. Astras;alus 
cf. Coronilla 
cf. Melilotus 1 0.001 
Melilotus sp. pod frag 
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Table 5.3 Counts and weights (g) of the PPNA non-woodplant remains (continued). 
715a/105 715b 717a/104 717b 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
cf. Trigonella 
Small-seeded legume indet frags 3 0.002 
Total small-seeded legumes 0 0.000 0 0.000 0 0.000 3 0.002 
Wild Grasses 
cf. Aegilops gm 1 0.002 
Bromus sp. long gm 
Bromus sp. short gm 
cf. Eremopyrum gm 1 0.001 3 0.004 
Hordeum glaucum gm 1 0.001 
Hordeum glaucum spikelet fork 
Hordeum sp. gm wide-furrow 
cf. P ani cum gm 1 0.001 
P halaris sp. small gm 1 0.001 1 0.001 4 0.003 
P halaris sp. large gm 1 0.001 
Poa bulbosa bulbil 1 0.001 1 0.001 
Stipasp. gm 
Poaceae gm type 1 
Poaceae gm type 2 
Poaceae embryo unsprouted 1 0.001 
Poaceae embryo sprouted 1 0.001 
Poaceae spikelet fork 4 0.003 
Poaceae glume base 
Poaceae culm node 
Poaceae indet gm frags 10 0.007 5 0.004 
Total wild grns and frags 15 0.012 2 0.002 0 0.000 14 0.012 
Total wild Poaceae chaff 2 0.002 0 0.000 0 0.000 6 0.005 
Wild/Weedy Taxa 
Aizoon hispanicum 1 0.001 
cf. Aizoon 2 0.002 
cf. Amaranth 
Androsace maxima 
Arnebia decumbens-type 2 0.006 7 0.015 
Artemisia sp. 1 0.001 
l\steraceae-type 1 0.002 
Centaurea sp. 
Erodium sp. 1 0.001 1 0.001 3 0.002 
Erodium sp. spiral beak frag 1 0.001 1 0.001 
Fumaria cf. densiflora 
Fumaria sp. 
Galium sp. large-type 
Galium sp. small-type 
Lithospermum tenuiflorum-type 2 0.002 4 0.005 
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Table 5.3 Counts and weights (g) ofthe PPNA non-wood plant remains (continued). 
715a/105 715b 717a/104 717b 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Malva cf. parvfflora 
Malva sp. with pericarp 
cf.Malva 1 0.001 
Plantago sp. 1 0.002 1 0.001 
Silene sp. 
Silene!Gypsophila 1 0.001 
Total wild seeds and plant parts 9 0.014 2 0.002 0 0.000 20 0.029 
Fruits and Nuts 
cf. Amygdalus nutshell frag 
Ficus carica drupelet 37 0.014 9 0.003 65 0.025 
Ficus carica mericarp 
Pistacia cf. atlantica whole nutlet 
Pistacia sp. nutshell frags 8 0.004 14 0.020 1 0.001 6 0.005 
Pistacia sp. attachment 1 0.001 
Unidentified nutshell1 
Unidentified nutshell2 with flesh 
Unidentified fruit pit frag (striated) 
Unidentified fruit seed testa (reticul.) 
Total pips, nutshell, and fruit 
parts 45 0.018 23 0.023 1 0.001 72 0.031 
Dung (<2mm whole, rodent-type) 2 0.003 
Total number ofiD items and wt. (g) 151 0.202 39 0.044 6 0.003 465 0.553 
Table 5.3 Counts and weights (g) ofthe PPNA non-wood plant remains (continued). 
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Locus 718 719 720 721 
Structure Number 1 2 2 1 
Context Type Midden Fill Fill Floor 
Volume of sediment floated (L) 9.0 8.0 9.0 51.0 
Cereals Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Hordeum spontaneum wild-size gm 3 0.013 12 0.072 6 0.017 
Hordeum spontaneum cult-size grn 2 O.D15 1 0.009 4 0.025 11 0.057 
Hordeum spontaneum intermed grn 1 0.004 3 O.D15 5 0.027 
Hordeum sp. indet gm :frags 34 0.039 43 0.050 56 0.091 
Hordeum spontaneum wild rachis 4 0.002 4 0.002 11 0.003 7 0.003 
Hordeum spontaneum dom rachis 1 0.001 1 0.001 1 0.001 
Hordeum sp. ripped-scar rachis 2 0.001 ·I 0.001 2 0.002 
Hordeum sp. basal spikelet 1 0.001 
Hordeum sp. indet spikelet fork 8 0.002 5 0.001 7 0.002 4 0.003 
Triticum dicoccoides gm 2 0.003 
cf. Triticum gm 1 0.002 
Triticum dicoccoides wild fork 1 0.002 
Triticum sp. ripped-scar spikelet fork 1 0.001 
Triticum sp. indet spikelet fork 1 0.001 
Triticum sp. glume base 2 0.001 
Cerealia indet gm frags 130 0.101 179 0.106 378 0.352 511 0.431 
Hordeum sp. processed gm frag 1 0.002 4 0.003 5 0.006 
Poaceae processed gm frag 2 0.001 
Cooked cereal residue :frags 5 0.002 
Total cereal grains and frags 138 0.120 223 0.177 444 0.517 594 0.629 
Total chaff 16 0.007 15 0.008 20 0.008 13 0.008 
Large Legumes 
Lens cf. orientalis 19 0.060 1 0.002 5 0.023 48 0.190 
cf. Lens 1 0.001 
Vicia sp. 3 0.040 6 0.044 26 0.215 
Vicia/Lathyrus 5 0.022 
Large-seeded legume indet 15 0.059 1 0.008 5 0.013 
Medium-seeded legume indet 3 0.011 10 0.029 40 0.143 
Total large legumes 42 0.181 6 0.022 21 0.096 119 0.561 
Small-Seeded Legumes 
cf. Cicer (small) 4 0.005 
Medicazo radiata 4 0.002 3 0.003 
Medicago cf. minima 2 0.002 
Medicazo sp. 1 0.001 1 0.002 
Astragalus sp. 12 0.011 
cf. Astragalus 2 0.001 1 0.001 1 0.001 
cf. Coronilla 1 0.002 
cf. Melilotus 1 0.001 1 0.001 2 0.002 
Melilotus sp. pod frag 2 0.002 
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Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
718 719 720 721 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
cf. Tri9;onella 1 0.001 2 0.002 6 0.007 
Small-seeded legume indet frags 3 0.002 3 0.006 
Total small-seeded legumes 722 0.003 728 0.007 731 0.014 750 0.031 
Wild Grasses 
Ae9;ilops grn 1 0.003 1 0.003 1 0.003 
Bromus sp. long grn 1 0.002 
Bromus sp. short grn 3 0.002 1 0.001 
cf. Eremopyrum grn 1 0.002 
Hordeum glaucum grn 1 0.002 3 0.005 
Hordeum glaucum spikelet fork 2 0.002 
Hordeum sp. grn wide-furrow 1 0.001 1 0.001 
cf. P ani cum gm 
Phalaris sp. small grn 1 0.001 1 0.001 16 0.007 
P halaris sp. large grn 1 0.001 6 0.002 
Poa bulbosa bulbil 1 0.001 2 0.002 2 0.003 
Stipa sp. grn 2 0.006 1 0.001 
Poaceae grn type 1 2 0.001 2 0.002 1 0.001 1 0.001 
Poaceae gm type 2 2 0.002 14 0.003 
Poaceae embryo unsprouted 5 0.001 4 0.001 6 0.002 
Poaceae embryo sprouted 3 0.001 1 0.001 
Poaceae spikelet fork 4 0.002 1 0.001 
Poaceae glume base 3 0.001 
Poaceae culm node 7 0.016 
Poaceae indet grn frags 5 0.003 8 0.008 7 0.010 
Total wild Poaceae grains and 
frags 10 0.009 10 0.009 18 0.024 52 0.033 
Total wild Poaceae chaff 5 0.001 8 0.003 22 0.023 6 0.007 
Wild/Weedy Taxa 
Aizoon hispanicum 
cf.Aizoon 1 0.004 
cf. Amaranth 1 0.001 5 0.006 
Androsace maxima 1 0.002 
Arnebia decumbens-type 16 0.030 2 0.008 4 0.013 
Artemisia sp. 1 0.001 
Asteraceae-type 
Centaurea sp. 
Erodium sp. 4 0.004 1 0.001 5 0.004 
Erodium sp. spiral beak frag 7 0.001 2 0.001 18 0.009 
Fumaria cf. densijlora 1 0.002 
Fumariasp. 
Galium sp. large-type 1 0.005 
Galium sp. small-type 1 0.002 3 0.005 
130 
Lithospermum tenuijlorum-type 2 0.005 7 0.016 11 0.026 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
718 719 720 721 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Malva cf. parviflora 2 0.002 2 0.004 
Malva sp. with pericarp 3 0.001 
cf.Malva 0 0.000 1 0.002 
Plantago sp. 2 0.001 14 0.010 2 0.004 
Silene sp. 2 0.002 
Silene!Gypsophila 
Total wild seeds and plant parts 743 0.036 732 0.021 749 0.039 776 0.076 
Fruits and Nuts 
cf. Amygdalus nutshell frag 2 0.012 
Ficus carica drupelet 36 0.008 46 0.010 183 0.063 163 0.068 
Ficus carica mericarp 10 0.014 1 0.009 
Pistacia cf. atlantica whole nutlet 1 0.029 1 0.030 2 0.053 
Pistacia sp. nutshell frags 35 0.015 44 0.034 329 0.332 44 0.046 
Pistacia sp. attachment 14 0.008 3 0.004 
Unidentified nutshell1 1 0.005 
Unidentified nutshell2 with flesh 
Unidentified fruit pit frag (striated) 2 0.005 
Unidentified fruit seed testa 
(reticul.) 1 0.001 
Total pips, nuts, and fruit parts 71 0.023 91 0.073 538 0.452 218 0.198 
Dung (<2mm whole, rodent-type) 3 0.005 3 0.006 11 0.039 
Total number of items and wt. (g) 1747 0.380 1813 0.320 2543 1.173 2528 1.543 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
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Locus 729 732 790 TOTALS 
Structure Number 3 3 2 
Context Type Midden Hearth Fill 
Volume of sediment floated (L) 8.0 2.0 3.0 191 L 
Cereals Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Hordeum spontaneum wild-size_gpl 3 0.017 33 0.15 
Hordeum spontaneum cult-size grn 1 0.005 30 0.179 
Hordeum spontaneum intermed grn 1 0.001 1 0.004 16 0.075 
Hordeum sp. indet grn frags 3 0.006 1 0.003 154 0.22 
Hordeum spontaneum wild rachis 4 0.002 50 0.025 
Hordeum spontaneum dom rachis 1 4 0.003 
Hordeum sp. ripped-scar rachis 1 0.002 11 0.010 
Hordeum sp. basal spikelet 1 0.001 
Hordeum sp. indet spikelet fork 0.001 32 0.015 
Triticum dicoccoides grn 1 0.007 3 0.01 
cf. Triticum grn 1 0.002 
Triticum dicoccoides wild fork 1 0.002 2 0.004 
Triticum sp. ripped-scar fork 1 0.001 
Triticum sp. indet spikelet fork 1 0.001 
Triticum sp. glume base 2 0.003 4 0.004 
Cerealia indet grn frags 17 0.017 2 0.010 76 0.048 1634 1.366 
Hordeum sp. processed grn frag 13 0.014 
Poaceae processed grn frag 2 0.002 7 0.006 
Cooked cereal residue frags 5 0.002 
Total cereal grains and frags 21 0.024 2 0.010 85 0.086 1896 2.024 
Total chaff 5 0.008 0 0.000 4 0.002 106 0.064 
Large Legumes 
Lens cf. orientalis 97 0.353 
cf. Lens 2 0.002 
Vicia sp. 35 0.299 
Vicia/Lathyrus 5 0.022 
Large-seeded legume indet 3 0.004 42 0.156 
Medium-seeded legume indet 1 0.003 1 0.002 78 0.264 
Total large legumes 1 0.003 1 0.002 3 0.004 259 1.096 
Small-Seeded Legumes 
cf. Cicer (small) 4 0.005 
MedicaKO radiata 1 0.002 9 0.008 
Medicago cf. minima 2 0.002 
MedicaKo sp. 2 0.003 
Astragalus sp. 12 0.011 
cf. AstraKalus 1 0.001 5 0.004 
cf. Coronilla 1 0.002 
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cf. Melilotus 5 0.005 
Melilotus sp. 2 0.002 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
729 732 790 TOTALS 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
cf. Trigonella 9 0.01 
Small-seeded legume indet frags 11 0.011 
Total small-seeded legumes 729 0.000 732 0.000 792 0.003 62 0.063 
Wild Grasses 
cf. Aef{ilops grn 4 0.011 
Bromus sp. long grn 1 0.002 
Bromus sp. short grn 4 0.003 
cf. Eremopyrum grn 5 0.007 
Hordeum ;;laucum grn 2 0.003 7 0.011 
Hordeum :2;laucum spikelet fork 2 0.002 
Hordeum sp. gm wide-furrow 2 0.002 
cf. P ani cum gm 1 0.001 
Phalaris sp. small grn 25 0.015 
Phalaris sp. large grn 8 0.004 
Poa bulbosa bulbil 7 0.008 
Stipa sp. gm 4 0.008 
Poaceae grn type 1 6 0.005 
Poaceae grn type 2 16 0.005 
Poaceae embryo unsprouted 2 0.001 20 0.007 
Poaceae embryo sprouted 5 0.003 
Poaceae spikelet fork 2 0.001 11 0.007 
Poaceae glume base 3 0.001 
Poaceae culm node 7 0.016 
Poaceae indet gm frags 3 0.001 38 0.033 
Total wild Poaceae grains and 
frags 0 0.000 0 0.000 5 0.004 128 0.107 
Total wild Poaceae chaff 0 0.000 0 0.000 4 0.002 55 0.044 
Wild!W eedy Taxa 
Aizoon hispanicum 1 0.001 
cf.Aizoon 3 0.006 
cf. Amaranth 6 0.007 
Androsace maxima 1 0.002 
Arnebia decumbens-type 33 0.076 
Artemisia sp. 2 0.002 
J\steraceae-type 1 0.002 
Centaurea sp. 1 0.001 1 0.001 
Erodium sp. 15 0.013 
Erodium sp. spiral beak frag 29 0.013 
Fumaria cf. densiflora 1 0.002 
Fumaria sp. 1 0.002 
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Galium sp. large-type 1 0.005 
Galium sp. small-type 4 0.007 
Lithospermum tenuijlorum-type 1 0.002 1 0.004 1 0.002 39 0.079 
Table 5.3 Counts and weights (g) ofthe PPNA non-wood plant remains (continued). 
729 732 790 TOTALS 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Malva cf. parvfflora 4 0.006 
Malva sp. with pericarp 3 0.001 
cf.Malva 2 0.003 
Plantago sp. 20 0.018 
Silene sp. 2 0.002 
SileneiGJ11Eophila 1 0.001 2 0.002 
Total wild seeds and plant parts 2 0.003 1 0.004 2 0.003 171 0.25 
Fruits and Nuts 
cf. Amygdalus nutsheii frag 2 0.012 
Ficus carica drupelet 8 0.002 1 0.001 34 0.008 602 0.218 
Ficus carica mericarp 11 0.023 
Pistacia cf. atlantica whole nutlets 1 0.024 5 0.136 
Pistacia sp. nutshell frags 2 0.004 3 0.002 493 0.469 
Pistacia sp. attachments 1 0.001 19 0.014 
Unidentified nutshell 1 1 0.005 
Unidentified nutshell 2 with flesh 4 0.003 4 0.003 
Unidentified fruit pit frag (striated) 2 0.005 
Unidentified fruit seed testa 
(reticul.) 1 0.001 
Total piJlS, nuts, and fruit _parts 10 0.006 1 0.001 43 0.038 1140 0.886 
Dun_g_ (<2mm whole, rodent-type) 19 0.053 
Total number of items and wt. (g) 768 0.044 737 0.017 938 0.142 3817 4.534 
Table 5.3 Counts and weights (g) of the PPNA non-wood plant remains (continued). 
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5.2.7 Heavy Fraction Samples 
The macro botanical specimens discussed in this chapter were recovered during 
analysis of the flotation light and heavy fraction sub-samples. While the heavy fraction 
sub-samples did at times contain small numbers of seeds, most of the carbonized plant 
material recovered from the heavy fraction was wood charcoal (Table 5.4). 
Table 5.4 Counts and identification of the carbonized plant remains from the PPNA 
heavy fraction samples. 
Context Sample Wood Seeds 
Locus Description No. (Ct.) (Ct.) Seed Identification 
702 Disturbed 4055 0 0 
707 Architectural 4078 0 0 
710 Architectural 4027 6 0 
710 Architectural 4057 0 0 
713 Midden 4049 3 0 
713 Midden 4053 53 2 2 Pistacia sp. nutshell fragments 
715a Floor Surface 4022 20 0 
715a Floor Surface 4029 0 0 
715b Structure Fill 4037 3 0 
717a Hearth 4006 0 0 
717b Hearth 4023 52 1 1 Lens cf. orientalis fragment 
717b Hearth 4025 2 0 
717b Hearth 4045 30 2 1 Poaceae grain fragment, 
1 medium-seeded legume fragment 
718 Midden 4032 18 2 2 whole Vicia sp. seeds 
719 Structure Fill 4060 0 0 
720 Structure Fill 4026 2 0 
721 Floor Surface 4042 41 2 2 Pistacia sp. nutshell fragments 
721 Floor Surface 4043 40 16 4 whole Lens cf. orientalis, 
2 Lens cf. orientalis fragments, 
2 whole Vicia sp., 
8 medium-seeded legume fragments 
721 Floor Surface 4051 5 0 
721 Floor Surface 4056 0 0 
721 Floor Surface 4024 3 1 
729 Midden 4040 52 1 1 Pistacia sp. nutshell fragment 
732 Hearth 4035 0 0 
790 Structure Fill 4061 0 0 
790 Structure Fill 5120 n!a n!a 
Totals: 330 27 
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Only one sample, from locus 721, contained more than two carbonized seeds in 
its heavy fraction ( 4043). The seeds recovered from this sample consisted entirely of 
large legumes: lentils, vetch, and other heavy large-seeded specimens. A total of330 
wood charcoal specimens were recovered along with 27 seed specimens from the heavy 
fraction samples. Less than one percent (0.7%) of the total number of non-wood plant 
specimens recovered during flotation were identified within the heavy fraction sub-
samples. The vast majority of plant taxa are present in the light fraction: seeds, chaff, 
nutlets, fruits, and other plant parts, providing a much more substantial picture ofPPNA 
subsistence and environment at el-Hemmeh. 
5.3 Contextual Summaries 
The spatial distribution ofPPNA carbonized plant remains recovered through 
flotation is discussed in this section. The summaries are organized by structure number, 
(e.g., Structures 1, 2, or 3), and then by locus number, denoting the archaeological 
sediment that was sampled (e.g., locus 721). More than one flotation sample was taken 
from a given locus in many cases, and these results are combined in Table 5.3 (see also 
Appendix C for individual sample information). Each locus discussion includes a 
description of the sediment type and its relationship to surrounding deposits, associated 
features and artifacts, and the interpretations of the excavators. Following the locus 
description, a summary of the analyzed plant assemblage and its archaeobotanical 
interpretation is presented. 
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This section presents the results from 15 loci collected from various PPNA 
contexts across the site. These have been grouped into five basic context types: hearths, 
floor surfaces, architectural collapse, midden deposits, structure fill, and disturbed 
deposits (Table 5.1). Hearth contexts are defined as deposits containing the carbonized 
contents of an in situ cooking feature. PPNA hearths include a raised platform feature 
(locus 717a), a dense hearth spread (717b ), and a more enigmatic ash feature or ash dump 
• 
(locus 732). Floor surface contexts are difficult to delineate because they may have been 
obscured or mixed with overlying cultural material, such as later architectural collapse. 
The floor surface contexts discussed here are noted as primary/secondary contexts for this 
reason as well as the fact that individual floors were not able to be excavated as discrete 
units. The ephemeral surfaces within Structure 1 were visible primarily in the profile 
section as thin bands of ash and compact sediment. As such, contexts 715a and 721 are 
noted as "floor surface layers" to signify their incorporation of multiple floor surfaces 
within a single locus. 
Architectural contexts are deposits that exhibit evidence of wall or roofing 
collapse in the form of tumbled wall stones, mortar or pise. While the density of charred 
plant remains from these PPNA contexts was typically low, broken fragments ofpise 
from Structure 1 did reveal impressions of both cereal chaff and reeds most likely used in 
its construction (see Figure 3.3). The following categories of refuse disposal, middens 
and structure fills, are archaeologically distinct. Middens here are defmed as the waste 
accumulated within a structure over time through a series of depositional events 
following the abandonment of the structure as a living area. Structure fills, on the hand, 
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are the product of remodeling events in which spaces were transformed through the 
intentional addition of sediment. PPNA structure fills include sediment used to infill 
burial pits beneath floors in Structures 1 and 2 (715b and 720), and sediment used to infill 
a disused pise bin feature in Structure 2 (790). Structure fills could have originated 
anywhere near the site: from nearby midden dumps, courtyard areas, etc. The principle 
difference between middens and structure fills is that middens represent an in situ 
accumulation of waste, while structure fills have been intentionally re-deposited from 
another location. These deposits may therefore have been subject to additional post-
depositional processes before their fmal deposition. 
A fmal context type is defmed as disturbed archaeological material. This 
particular sample (from locus 702) was incorporated into the study in order to compare 
the preservation of charred botanical material from a heavily disturbed PPNA context 
very close to the modem ground surface with the botanical remains reovered from deeper 
archaeological deposits. 
The deposition classes of individual loci are also listed in Table 5.1. These 
classes are summarized from previously published categories of archaeobotanical 
deposition events (Fuller 2008: 189). The Class A category contains loci in which 
botanical remains represent in situ charring events. Class B deposits constitute charred 
material that has been moved and re-deposited, from a hearth into a midden, for example. 
Class B contexts may also contain a mixture of primary and secondary material in which 
the extent of inter-mixing is unclear. Class C contexts are generally more ambiguous 
given their heterogeneous and unclear nature: Class C contexts represent the 
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archaeobotanical "background noise" of a site accumulated through routine tasks. These 
assemblages may reflect a variety of depositional events, the inter-mixing of deposits, 
and various post-depositional processes. 
5.3.1 Structure 1 
Locus 702: Disturbed PPNA Material 
Locus 702 is a heavily disturbed context of compact, yellow-brovm sediment 
containing a high concentration of charcoal and lithic artifacts. Rodent burrows and ant 
nests were visible to the excavators. This context is associated with Structure 1 and was 
located close to the ground surface ofthe hill slope (Figure 5.2). Because of the level of 
bioturbation within locus 702 and its proximity to the modem ground surface, a flotation 
sample was taken as a means of comparing botanical preservation in poor tertiary 
contexts with levels of preservation found in primary PPNA deposits. 
Locus 702: Archaeobotanical Discussion 
A sample of 8 L of sediment was floated from this locus, and the light fraction 
collected and examined. While multiple plant taxa were present in the assemblage, very 
few were well preserved, and the sample contained high numbers of modem material 
including insect parts (Table 5.3). Wood charcoal was present in very small amounts, 
0.141 g, and the sample contained both a low wood density of0.02 giL and a low overall 
botanical density of 0.07 giL. 
One Hordeum spontaneum cultivated-type grain fragment was identified as well 
as one Hordeum spontaneum wild-type grain fragment (Table 5.3). An additional wild-
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type rachis fragment was recovered. One fragment of a cereal grain could not be 
identified to genus and was categorized as indeterminate. In addition to these cereals, one 
fragment of a medium-seeded legume was recovered. 
Figure 5.2 Eastern section 
profile illustrating the 
location of the modem 
ground surface (above 
locus 700) and the upper 
layers of architectural 
collapse (locus 707) from 
Structure 1. 
Among the wild taxa recovered from this sample were three Ficus carica pips, 
one small Phalaris grain, and one piece of Pistacia sp. nutshell (Figure 5.3). Three 
whole Boraginaceae nutlets of the Lithospermum tenuiflorum-type were also recovered 
from Locus 702, although it is unclear whether they are archaeological or modem. 
Studies ofBoraginaceae nutlets in other early Neolithic assemblages have noted that they 
may be modem intrusions from burrowing ants (Neef2004a, Colledge 2001). However, 
van Zeist and Bakker-Heeres (1982: 212) state that, based on the level of :fruit wall 
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corrosion and prevalence of carbonized nutlets, it is likely that many of the nutlets found 
at Neolithic sites are indeed prehistoric in origin. 
A B 
Figure 5.3 A) Lithospermum tenuiflorum exocarps (left: surface abraded, right: surface 
fragmented); B) Phalaris sp. grain. (Scale= 1 mm) 
Locus 707: Architectural Collapse 
Locus 707 represents the upper levels ofroofmg and wall collapse, approximately 
3 0 em above the floor surface of Structure 1. This post-abandonment Phase 3 locus 
consists of compact orange-brown daub, large cobbles, and charcoal interspersed with 
loose sandy-silt. The pieces of daub recovered from this context often bore impressions 
of plant material, including cereal chaff and impressions of reeds (Figure 3.3). It is likely 
that these remains are part of the roof construction, consisting of a reed frame 
strengthened by a daub-type mixture of clay, earth, and plant material. Similar 
impressions of cereals and other plant remains have been identified at multiple PPNA 
sites in the region (Willcox and Fornite 1999). 
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Locus 707: Archaeobotanical Discussion 
From locus 707, one sample of 5 L was floated and consisted primarily of mud-
clay fragments and associated sandy silt. Just a few pieces of wood charcoal were 
recovered, with a low 0.01 giL wood charcoal density. Overall botanical density was also 
very low at 0.15 giL. Preservation of charred plant remains included the most common 
categories found within the PPNA deposits, cereals and large legumes, although each is 
present in only small amounts (Table 5.3). The sample is made unique by the additional 
archaeobotanical information offered by the plant remains preserved as impressions in 
the daub. These remains are primarily chaff from cereals and wild Poaceae: rachis 
internodes of Hordeum spontaneum, cf. Aegilops, and others are visible. Also .prominent 
are the impressions of reed stems identified by the striated surfaces of the culm walls 
consisting of sclerenchymatous fibers. Their large diameter measuring upwards of 4 em 
suggests Arundo donax L., giant cane, which has been identified as a building material at 
other Neolithic sites (Atalay and Hastorf2006). 
Only two carbonized Hordeum sp. grain fragments and three indeterminate grain 
fragments were recovered from this sample. A single Hordeum spontaneum rachis 
internode was also identified, as well as two unsprouted Poaceae embryos. A nicely 
preserved whole lentil with two intact coi:yledons was recovered measuring 2.50 in 
diameter. This large lentil and the other two fragments have been identified as Lens cf. 
oriental is. 
Locus 710: Architectural Collapse/Midden 
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Locus 710 is located directly below the layers of wall collapse in Structure 1 but 
above a sequence of stratified floors. The locus may represent a clay-slurry applied to the 
wall surfaces of the structure which later fell off during abandonment. Another 
interpretation is that this locus represents the topmost layer of the midden/floor sequence 
given the large amount of artifacts and charcoal recovered. However, the sediment is a 
very pale yellow color and extremely compact, quite unlike other midden contexts of 
loose grey ash. It is also possible this context resulted from roofmg collapse, evidenced 
by the large pieces of charcoal within the compact matrix. Most likely this locus is a 
complex mixture of midden debris and architectural collapse during the Phase 3 post-
abandonment phase and does not reflect a primary living surface. 
Locus 710: Archaeobotanical Discussion 
The two flotation samples totaling 18 L from this locus do not provide a wide 
breadth of plant taxa, but they do offer a few glimpses of wild species better preserved in 
the lower archaeological layers (Table 5.3). Botanical density is low with an average of 
0.21 giL. These remains are almost exclusively found in the> 1 mm or smaller fractions 
as seed fragments, suggesting a high fragmentation rate. The prevalence of wood ( 41.4%) 
in one flotation sample ( 4027) may be related to remnants of wall and roofmg 
construction. Another possible origin may be a hearth-dumping event, which could have 
occurred before the walls and roof collapsed. This explanation is, however, unsupported 
due to a lack of grey ash in this locus, a typical sign of hearth cleaning within the PPNA 
deposits. 
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Very few cultivated remains were recovered here: one fragmented grain of 
Hordeum sp., and four grain fragments classified as indeterminate. A single Lens sp. 
cotyledon and a medium-seeded legume fragment were also identified. 
This locus yielded a small number of Pistacia cf. atlantica nutshell fragments, as 
well as two specimens of a Lithospermum tenuiflorum nutlet, each with a small angled 
base. An additional nutlet of an Arnebia decumbens-type was also identified with a much 
wider rimmed base and a larger diameter measuring 2.25 mm. The most common wild 
taxa in the sample is Ficus carica with 15 individual pips. The two surprises within this 
sample were a single specimen of Fumaria sp. and a long, thin-grained wild grass of 
Stipa sp. (Figure 5.4). 
A B 
Figure 5.4 A) Fumaria sp. seed; B) Stipa sp. grain fragment. (Scale= 1 mm) 
V/hile Stipa grasses generally favors steppic conditions and stony areas, nearly all 
Fumaria species found in Jordan grow in cultivated fields (Colledge 2001). The genus 
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Fumaria has also been identified as one of 15 taxa categorized as a field weed indicating 
increased cultivation during the PPNA period (Willcox et al. 2008: 324). 
Locus 713: Midden above Floor 105 
It is likely that locus 713 represents a mixed context of architectural debris and 
midden deposits. The change from 710 (directly overlying 713) to locus 713 is noticeable 
in both color and compactness, with a transition from pale yellow architectural collapse 
to loose grey-brown sediment with red mottling indicative of burning. However, 
extremely poor botanical preservation in these samples suggests that they may have been 
exposed for some time after the abandonment of the structure. While it is possible that 
this burned context represents post-abandonment dumping of midden and hearth debris, it 
is also possible that the remains are related to the final use of the structure. The 
excavators suggest that locus 713 represents a mixed midden deposit overlying the fmal 
structure floor 105 (Makarewicz 2010). This suggests that locus 713 is part ofthe fmal 
Phase 2 occupation during which a series of floors and thin occupation layers were laid 
down, the last ofwhich was floor 715a/105 (Figure 5.5). 
Additional evidence for locus 713 as an occupation-related deposit comes from 
the artifact assemblage recovered from this context. Excavations in 2004 yielded a 
number of bone, groundstone, and lithic artifacts that suggest the floor may have been in 
use before it was abandoned. A carved bone knife was found lying horizontally just 
above the mud/clay floor, and two pestle-type handstones were also identified 
(Makarewicz et al. 2006) (Figure 5.5). Lithic artifacts include two retouched blades 
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classified as "sickle blades" based on the gloss found along the worked edge 
(Makarewicz et al. 2006: 197). Additional formal lithic tools from this locus include 
eight axes, four chisels, and two choppers, as well as two Hagdud truncations typical of 
the PPNA toolkit. This artifact assemblage, with its large number of tool types, suggests 
locus 713 was still an activity area when Structure 1 was abandoned. 
Figure 5.5 (Left) The upper floor surface (locus 715a/1 05) of Structure 1, with arrow 
noting placement of a bone knife (scale= 50 em); (Right) The bone knife found in the 
midden deposit (locus 713) directly overlying the floor surface. 
Locus 713: Archaeobotanical Discussion 
Two samples were floated from locus 713 for a total of 11 L. The two samples 
varied in terms of overall botamcal density, even though they were from the same 
location and the same elevation. The larger sample, 4053, had an overall botanical 
density of0.34 giL and a wood charcoal density of0.11 giL, 33.6% ofthe assemblage. 
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While this sample did contain a moderate amount of plant remains, the smaller yielded 
only two Lithospermum tenuiflorum-type nutlets. The most interesting evidence to 
emerge from this locus is the relatively large amount of cereal chaff present: in total, five 
barley rachis internodes, one of which possesses the unique ripped-scar morphology 
(Figure 5.6). Together with two small-seeded legumes, which are often found as weeds 
of cultivated fields, this assemblage may indicate the presence of cereal processing waste. 
A B 
Figure 5.6 A) A wild barley rachis (with arrow denoting wild abscission scar) and a 
ripped-scar type with missing scar and ventral surface; B) Large legume seed with seed 
coat partially preserved. (Scale= 1 mm) 
In addition to one large-seeded legume fragment which most likely belongs to the 
Vicia genus, locus 713 also contained 11 indeterminate grain fragments and two 
indeterminate Hordeum sp. grain fragments. While only one Hordeum spontaneum 
intermediate-size grain was recovered, a variety of Hordeum spontaneum rachis 
internodes were identified. Two of these were a wild-type, two were poorly preserved, 
and one rachis internode possessed the ripped-scar morphology indicative of 
threshing/processing activities. 
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Locus 715a/J 05: Floor Surface Layers 
A portion oflocus 715a was uncovered during excavation in 2004, when it was 
designated as floor 105 (Figure 5.5). It became clear during further excavations in 2007, 
however, that despite the fact that the topmost floor was a compact, thick mud-laid floor, 
locus 715a also contained a series of more ephemeral floors below. These refloorings 
were difficult to isolate throughout most of the structure, and excavators described them 
as yellow laminar deposits laid closely atop one another. Nearer to the hearth feature 
717a/1 04, excavators discovered that individual floor surfaces were more visible, forming 
a sequence of yellow laminae every three to five em was interspersed with ashy deposits 
(Makarewicz 201 0). The yellow-brown mud/clay used for these floors contained very 
few artifacts or charcoal and had very few inclusions, although the looser midden-type 
material between them did yield rich cultural material. It is likely from the deposits 
between the floors that the botanical remains originated. 
Locus 715 all 05: Archaeobotanical Discussion 
Two flotation samples totaling 24 L were processed from locus 715a. The 
samples were collected from the same 1x1 m excavation unit and represent a 20 em 
sequence, with moderate/good botanical preservation in the topmost sample (0.23 giL) 
and good/excellent preservation (0.47 giL) in the deeper sample. Plant remains from each 
of the major categories were identified, including cultivated cereals and legumes, wild 
grasses, wild/weedy taxa, and fruits and nuts. 
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Hordeum spontaneum grains and grain fragments are abundant in locus 715a and 
fall into each of the three categories, wild-size, intermediate, and cultivated-size. Six 
fragments could not be identified more specifically than Hordeum sp., and the samples 
also contained 44 fragments of indeterminate indeterminate grains (Figure 5.7). Two 
wild-type barley rachis internodes and a poorly preserved rachis fragment were noted. A 
single processed rachis internode with a ripped ventral surface was also recovered, 
indicating a threshing-type activity. In addition to the single processed rachis internode, a 
grain of Hordeum sp. was identified with evidence of fragmentation caused by a 
grinding/pounding activity. This assemblage of barley grains and chaff suggests that 
multiple stages of cereal processing may have occurred within or in the immediate 
vicinity of Structure 1. 
A number of large legume seeds and legume seed fragments were also preserved. 
"Whole specimens of Lens cf. orientalis seeds were present in both the >2 mm and> 1 mm 
sieve sizes, as well as multiple Lens fragments. A size distinction between wild and 
possibly cultivated lentils was not made here as this has proved problematic for PPNA 
assemblages elsewhere (see Zohary and Hopf2000; Butler 1989). Large-seeded legumes 
were also identified in these samples and most likely belong to the Vicia genus. However, 
without a diagnostic seed testa and hilum scar preserved, they could not be reliably 
assigned to the Vicia genus. 
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Figure 5.7 A) Indeterminate cereal grain fragments; B) Ficus carica drupelets; C) Single 
cotyledons of Lens cf. orientalis; and D) Aegilops sp. grain fragment. (Scale= 1mm) 
Wild grasses from the Poaceae family identified in locus 715a include grains of 
Phalaris sp., Hordeum glaucum, Poa bulbosa, cf. Aegilops, and cf. Eremopyrum (Figure 
5. 7). These species are all found in disturbed areas including cultivated fields and near 
residential sites (van Zeist and Bakker-Heeres 1985). Fives species of Phalaris are 
present in modem-day Jordan, all of which favor growth in field habitats (Colledge 2001: 
Table 4.8). One such species, Phalaris paradoxa, is a field weed found not only in 
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modem fields but also in early Neolithic assemblages from Ramad in Syria (van Zeist 
and Bak:k:er-Heeres 1982: 218). It could not be determined from the 715a remains 
whether these are indeed P. paradoxa, but the grains are strikingly similar to those from 
el-Hemmeh. The goatgrass genus, Aegilops, is also present and grows primarily in fallow 
fields and humid alluvial soils (Colledge 2001: Table 4.8). Ecological data for Hordeum 
glaucum and Eremopyrum suggest they too grow in disturbed ruderal places and fields. 
A note must also be made about the abundance of fig pips in this sample. A total 
of37 pips were identified. While pips may be over-represented in the samples given the 
total number a single fruit can produce, locus 715a is one of the few PPNA contexts from 
el-Hemmeh containing more than 25 pips. 
Locus 715b: Structure Fill (BuriaV 
In the northeast comer of Structure 1, a curious feature was discovered. A small 
pit containing an adult human skeleton and a human neonate burial (locus 725) was 
uncovered below floor 1 05/715a (Figure 5.8). Intriguingly, a small portion of the adult 
skull remained intentionally exposed while floor 105 was in use. Five angular stones 
were placed around the exposed portion of the skull directly on the floor surface, 
evidencing their contemporaneity (Makarewicz 2010: 33). Unfortunately, the burial 
feature was disturbed by substantial looting activity during the 2007 season, and the 
context was largely destroyed before full excavation and documentation could take place. 
Looter's Trench 
lm 
Locus 715b: Archaeobotanical Discussion 
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Figure 5.8 The eastern 
section profile of the 
Structure 1 deposits 
(redrawn from Makarewicz 
2010: 32). 
One flotation sample totaling 1.5 L was processed from the pit fill of the 715b 
burial context. Noticeably abraded surfaces of nearly all wood charcoal pieces from this 
locus suggest that it represents a secondary context of water-worked material, potentially 
dumped in from a nearby midden or similar refuse deposit. This material may have been 
re-used as fill for the 715b burial feature. Abrasion of the plant material may also have 
occurred in situ, due to the skull exposure above the floor surface and a presumably semi-
exposed feature. 
In calculating the botanical density within this sample, and what percentage of 
this was actually wood charcoal, it was found that 47.3% of the plant remains within this 
locus were charred wood. This was the highest percentage found in any of the analyzed 
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samples. A total of0.507 g of wood charcoal was recovered. Sample 4037 also possesses 
one of the highest wood charcoal densities of the analyzed samples, 0.34 giL floated 
sediment. A large portion of the overall botanical density has been reduced to <0.50 mm 
ash and seed fragments, suggesting a very high level of fragmentation, despite the high 
density of wood charcoal present. The preservation of wild taxa and other remains 
typically found in the samples from el-Hemmeh may suggest the contents of this burial 
fill were "background noise" around the site, plant remains from a nearby midden! area 
outside the structure. 
Within the cultivated plant category, very few cereal grains were recovered 
(Table 5.3). Analysis revealed only one indeterminate Hordeum grain fragment and eight 
grain fragments assigned to the indeterminate category. In addition, one wild-type 
Hordeum spontaneum rachis internode (type B) was identified. One whole large-seeded 
legume and one fragment were also identified, as well as one cotyledon of Lens cf. 
oriental is. 
Despite the poor to moderate level of preservation in 715b, the wild grass 
Phalaris sp. is represented by specimens of both the large-grain and small-grain types 
found at el-Hemmeh. Specimens of Erodium sp. include both a fragmented seed and a 
portion of a fragmented spiral beak. Mention must also be made of the well-preserved 
Pistacia cf. atlantica nutshell (14large to medium pieces) and 10 Ficus carica pips 
identified. It is surprising that these remains would have survived in a secondary context 
such as a burial fill, given that they are often fragile remains and would have quickly 
disintegrated through disturbance of the locus. The good preservation of Erodium and 
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Phalaris remains, as equally small and fragile remains, suggests that the low cereal and 
legume count within this locus is not a result of post-depositional processes or differential 
preservation. Instead it suggests that the low numbers of cultigens is directly related to 
the original assemblage composition. Perhaps this was midden fill from outside the 
structure where cereal and legume processing did not take place. 
Locus 717 all 04: Hearth Platform 
A unique feature was uncovered during excavation of floor 715a/105 in 2004 
(Figure 5.9). A raised hearth feature (originally noted as Feature 32) was partially 
excavated in Structure 1, and was completely excavated in 2007. The feature is molded 
from the same hard-packed mud-clay mixture as the floor surrounding it, and reaches 80 
em in diameter. It rises 8 em above the level of the structure floor and contains an 
oxidized circular area indicative of in situ burning. Ashy deposits were recognized within 
this burned area. A radiocarbon date (OS-48491) of9450 ± 60 uncal BP (11,120-10,570 
cal BP) was recovered from the hearth platform (Makarewicz et al. 2006: 215). 
Interestingly, preparation of the radiocarbon sample revealed it was not in fact wood 
charcoal but most likely polyaromatic hydrocarbons (Makarewicz et al. 2006: 216), 
which form when organic materials such as foods are charred. The origin of this 
radiocarbon-dated sample has been interpreted as a "cooked food residue" preserved 
within the 717a hearth context (Makarewicz, personal communication). 
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Locus 717a: Archaeobotanical Discussion 
Figure 5.9 The partially 
excavated floor of 
Structure 1 with exposed 
platform hearth (locus 
717a) (denoted by arrow) 
along the northern section 
profile. (Scale= 50 em) 
The hearth was revisited during excavations in 2007, but it yielded only 0.003 g 
of non-wood botanical specimens Gust 0.7% from a total weight of0.447 g offloated 
material). The non-wood plant remains consisted of five very small fragments of 
indeterminate cereal grains and one small fragme~t of a Pistacia sp. nutshelL A large 
amount of the additional material was wood charcoal (0.168 g), but the majority was 
modem material, stones, and snail shell. The high level of disturbance (in the form of 
155 
modem plant remains) is no doubt due to the fact that the hearth was partially excavated 
in 2004, backfilled, andre-excavated three years later. This potentially also impacted 
archaeobotanical preservation. 
Locus 717b: Hearth Deposit 
Locus 717b is a hearth feature located directly below the raised hearth platform 
along the north stratigraphic profile of Structure 1. Excavators noted the early 717b 
hearth was impacted by the later construction of floor 1 05/715a, when a portion of it was 
removed and the hearth platform was built. Locus 717b is defined as a large feature 
which slopes downward toward the north wall where the highest concentration of ash is 
found. The sediment of717b consists of grey, ashy silt containing large amounts of 
charcoal and bone with moderate botanical preservation. This level of preservation is 
likely due to the preservation of floor 105/715a above, which served to protect the 
contents of the original hearth feature/ashy spread. 
Locus 717b: Archaeobotanical Discussion 
Three samples were analyzed from this locus, all from the same unit and 
elevation, totaling 28.5 L. The samples were taken from the southernmost portion of the 
feature, 10 em directly below the samples from the hearth platform feature (717a). The 
average botanical density for the three samples was a moderate 0.53 giL, 33.7% of which 
was wood charcoal. Because almost 30 L was sampled from this context, however, a 
large number of seed remains were recovered and identified (n=471) (Table 5.3). 
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In total, 287 whole cereal grains and fragments were recovered, as well as 19 
chaff specimens, totaling 0.348 g. The vast majority of the cereal fragments are Hordeum 
spontaneum, but only 17 grains were preserved well enough that measurements could be 
taken. Of these, five are wild-sized, three are intermediate, and nine fall into the 
cultivated size range. Locus 717b is one of only three contexts where the number of 
cultivated grains outnumbers the wild grains, and is likely a product of good preservation 
levels in the larger sieve sizes (>2 mm, > 1 mm). Two processed Hordeum sp. grain 
fragments and three processed Poaceae indeterminate grain fragments were also 
recovered (Figure 5.10). Sixteen barley rachis internodes with visible abscission scars 
were identified, 13 ofwhich displayed wild-type smooth scars. Interestingly, 3 ofthe 16 
barley rachis internodes (18.8%) displayed a ripped morphology indicative of 
threshing/ dehusking activities. 
Locus 717b also had the third highest number of Lens cf. orientalis seeds with the 
equivalent of 16 whole specimens weighing 0.052 g. Most fragmented specimens were 
single cotyledons that appear to have been fragmented prior to carbonization. The 20 
large and medium-seeded legumes recovered are most likely of Vicia sp. type, but their 
poor preservation and lack of preserved seed testa make their absolute identification 
impossible. One small Cicer-type legume was also recovered with a protruding hilum, 
likely a wild species. 
In addition to a single Melilotus seed, small-seeded legumes were only minimally 
represented by three indeterminate fragments (Figure 5.10). Wild grasses included three 
cf. Eremopyrum grains, one cf. Panicum grain, and four small-type 
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Figure 5.10 A) Barley grain fragments (left: cultivated, right: -wild); B) processed barley 
grain fragment; C) processed Poaceae grain fragment; D) Poa bulbosa bulbil; and E) cf. 
Melilotus sp. seed. (Scale= 1 mm) 
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Phalaris sp. grains. A single Poa bulbosa bulbil was also identified, the inflorescences of 
which are edible to both animals and humans. Four Poaceae rachis internodes, of an 
indeterminate species, were also counted. Eight plants indicative of a dry, steppe-type 
environment were identified amongst the wild/weedy taxa. These include two specimens 
of Aizoon sp., one Artemisia seed, three Erodium sp. seeds and one spiral beak fragment, 
and one Plantago sp. seed. Also included in this category are a suite ofBoraginaceae 
nutlets oftheArnebia decumbens-type (n=7) andLithospermum tenuijlorum-type (n=4). 
Sixty-five whole Ficus carica pips were recovered from Locus 717b. Just six Pistacia sp. 
nutshell fragments were identified, as well as one Pistacia nut attachment. 
Locus 718: J.\1idden 
Locus 718 was excavated in Structure 1 as a series offine lenses ofrich ashy 
charcoal interspersed with layers of pebbles and sediment (Figure 5.8, see also Figure 
3.4). The layers were excavated together as one locus because it was difficult to define 
the limits of each depositional event. Excavators noted that the sediment was generally 
yellow-brown in color and somewhat compact. It had a large number of burned lithic 
artifacts and an abundance of visible charcoal, but very few bones were identified during 
excavation. The presence ofbumed flints may suggest in situ burning. Locus 718 is 
located beneath the upper floors (Locus 715a/1 05) and constitutes a mixed midden-type 
assemblage. It was included here because of its rich macrobotanical preservation. 
Locus 718: Archaeobotanical Discussion 
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A sample of sediment (nine L) was floated from locus 718 yielding 7. 7 63 g of 
charred plant remains. Overall botanical density was 0.86 giL, the fourth-highest of the 
analyzed samples, 37.7% of which was wood charcoal pieces measuring> 1 mm. The 
abundance of wood charcoal suggests this locus may have contained material from a 
hearth, perhaps nearby locus 717b. 
A total of 13 3 cereal grains and fragments were recovered from this sample, but 
just three specimens (one Hordeum and one possible Triticum grain) were able to be 
classified to genus. Given the poor state of preservation, the rest were categorized as 
indeterminate grain fragments. A relatively large number of chaff fragments was 
identified; however, half were largely fragmentary and lacked a visible abscission scar 
(n=8). The specimens which did contain visible abscission scars varied in their 
morphology: four barley rachis internodes had a smooth scar indicative of wild 
disarticulation, one had a domestic-type scar, one possessed a "ripped" scar and ventral 
surface, and one was a basal internode from the lower portion of the ear. 
The second-highest number oflentils (Lens cf. orientalis) within the 25 samples 
was found in locus 718 (Figure 5.11). Nineteen specimens were identified. Three whole 
seeds identified as Vicia sp. were also recognized. An additional five seeds were 
categorized as Vicia/Lathyrus given their elongated seed shape, although it is possible 
they are from the same Vicia species. This was the only sample that contained the 
Vicia/Lathyrus type. Large-seeded legumes were also identified totaling 15 whole 
specimens, although this category is comprised largely of fragments and the weight of 
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whole seeds was extrapolated. Therefore, it is likely that these large-seeded legumes also 
fall into the Vi cia category. 
A 
Figure 5.11 A) Carbonized conglomerations of cereal residue; B) Vicia sp. and large-
seeded legume specimens. (Scale = 1 mm) 
Among the wild and weedy taxa, three forms of small-seeded legumes were 
identified: two Astragalus seeds, one Melilotus sp., and one Trigonella type. Two species 
of wild grasses were present in the sample, both indicators of disturbed and possibly 
cultivated soils, Bromus sp. and Phalaris sp. For each, both the long-type and short-type 
grains were present, suggesting that possibly multiple species are indicated here. Seven 
fragments of an Erodium sp. "spiral beak" were also recovered, although it possible they 
all originated from the same specimen. No Erodium seeds were found. 
Analysis did reveal an abundance ofBoraginaceae nutlets, more than in any other 
sample. The two types identified were an Arnebia decumbens-type (n=16) and a 
Lithospermum tenuijlorum-type (n=2). We can be reasonably sure that these types are 
indeed the actual species based on their base aperture, surface texture, and shoulder 
rounding, but there are a number of species within this family that are very similar in 
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morphology. The abundance of Arnebia nutlets in this sample is interesting, because this 
plant has been recognized in ethonographic literature as source of dye (Colledge 2001: 
85-91). The roots are traditionally used to produce a red pigment. 
Locus 721: Floor Surface Layers 
Within Structure 1, a series of deposits were encountered beneath the midden, 
(locus 718) that contained a high density of charcoal, bone, and lithics (Figure 5.8, see 
also Figure 3.4 and 3.5). Although the matrix oflocus 721 was generally composed of 
yellow-brown silty sediment, concentrations of grey ash were also observed. It was 
difficult to discern these ephemeral layers and tease them apart into individual loci. 
Therefore, the sequence was classified as Locus 721, with a total depth of29 em (453.38-
453.09 masl). Given the number ofhorizontally stratified deposits within the sequence, it 
is likely that these lenses represent a series of deposits laid down upon unprepared floor 
surfaces of the structure, including deposits of hearth sweepings and possibly in situ 
burning events. There does seem to be a pattern to the sequence, that of a yellow-brown 
packed layer (possibly a structure floor), upon which a charcoal-rich grey fill layer is 
visible (possibly related to the use of the floor), capped by an ashy lens (potentially the 
burning of the floor deposits, or the fmal dumping ofhearth contents). This sequence 
appears a number of times in the section profile. Such a series may indicate a repeated 
use of the structure, possibly through seasonal occupation, or repeated cleaning and 
reuse. 
Locus 721: Archaeobotanical Discussion 
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Five samples from the levels comprising locus 721 were analyzed here totaling 51 
L (Table 5.3). Samples span the depth of the sequence, from the top 10 em (453.38-.28; 
4043, 4056), middle 10 em (453.27-.17; 4042), and bottom level (453.16-.09; 4051, 
4024). While the layers are summarized here as a single unit, unique variations in 
patterns are addressed and discussed. The richest analyzed sample within 721, a 9 L 
sample (4043) from the topmost layers of the locus, yielded a number of unique 
specimens, including Medicago cf. minima, Astragalus sp., cf. Cicer, Amygdalus sp. 
nutshell, Fumaria cf. densiflora, and Galium sp. (Figure 5.12). This specific sample is 
noted by excavators as part of an ashy lens within the locus and was particularly rich in 
charred plant material. Overall, locus 721 has the fourth-highest total macro botanical 
density (0.70 giL) and fifth-highest non-wood density (0.03 giL) of the analyzed 
contexts. 
In this deposit, the most abundant seeds were cereal grains, specifically Hordeum 
sp. Of the 594 whole grains and fragments recovered, 83 were positively identified as 
barley. No wheat remains were identified, suggesting that the many unidentified cereal 
fragments are likely all barley. Of the whole barley grains measured, six grains fell into 
the wild category, 11 into the cultivated size category, and five into the intermediate 
category. This locus, interestingly, is one of only three containing more cultivated grains 
than wild-type. The other deposits, 717b and 718, both originate from Structure 1 as well. 
Five Hordeum sp. grain fragments in this deposit were recognized as processed 
fragments. The cereals represent 55.9% ofthe total assemblage from locus 721; a similar 
percentage of cereals was found for locus 717b (ash/hearth deposit), where cereals 
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comprise 62.8% of the assemblage. Identification of barley chaff in locus 721 included 
seven wild-type rachis fragments and four indeterminate specimens. 
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Figure 5.12 A) Galium sp. seed; B) Erodium sp. seeds and spiral beak fragments; C) 
Malva sp.; D) two barley rachis fragments with ripped scars; E) Hordeum glaucum grain 
fragment; F) dung pellets, likely from a small rodent. (Scale = 1 mm) 
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Relatively high numbers oflentils and vetch were also recovered from this 
deposit. Nearly 50% of the total Lens cf. orientalis identified from the PPNA deposits at 
el-Hemmeh were found in locus 721 (n=48), as well as 74.3% of the total Vicia sp. seeds 
(n=26). A total of 119 large legumes were counted, and it is likely that nearly all those 
tentatively identified as large- and medium-seeded legumes were in fact poorly preserved 
vetch seeds. However, without any identifying characteristics such as a preserved hilum 
or testa, they could not be reliably placed into the vetch category. Although species-level 
identification is impossible, it is likely that the vetch seeds belong to either the Vi cia 
ervilia or Vi cia peregrina species. Of the 17 vetch species identified in the vegetation of 
modem Jordan, both V. ervilia and V. peregrina have been recovered from nearby PPNA 
archaeological sites in the southern Levant. V. peregrina has been postulated as a weed 
of cultivated barley fields at Netiv Hagdud (Melamed et al. 2008), while V. ervilia was an 
early domesticate (Zohary and Hopf2000). Both species are edible, although they require 
leaching to remove potentially harmful compounds. 
Of the 29 specimens of small-seeded legumes identified from the locus 721 
deposit, a number of unique and interesting specimens are present. First, four specimens 
of what is likely a small-seeded species of chickpea (Cicer sp.) have been identified, and 
although poorly preserved do exhibit what appears to be a tiny beak and hilum. It is likely 
that the few specimens from el-Hemmeh originated from a wild Cicer species. For 
example, wild Cicer judaicum Boiss. (syn.pinnatifidum Jaub. & Spach) is a common 
component of modem Mediterranean vegetation and semi-steppe shrublands, and it is 
still frequently found in northern and central Jordan and Israel. 
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High numbers of other small-seeded legumes were also identified in the 721 
deposits. These specimens include species of Medicago, Astragalus, Melilotus, and 
Trigonella. Two seeds identified as Medicago cf. minima were present, a species that 
commonly grows in the semi-steppe shrublands and woodlands of modem Israel. Two 
distinct species from the Astragalus genus were also recovered for a total of 12 seeds. 
Analysis also revealed two probable Melilotus seeds, and this identification is 
corroborated by the presence of two additional Melilotus pod fragments. Six seeds of 
clover, Trigonella sp. were also recovered. A total of25 small-seed legumes were 
identified from the locus 721 deposits (including all specimens of Medicago cf. minima, 
Astragalus, Melilotus sp. pod fragments identified for the PPNA). This represents 65.8% 
of the total small-seeded legume assemblage (identified to genus level) from the analyzed 
PPNA deposits. 
A total of 60 specimens of wild grasses were identified, including grains, chaff 
fragments, and a single sprouted seed embryo. The most numerous grasses recovered 
from 721 were Phalaris sp. grains and an as-yet-unidentified grass type (14 bulbous 
grains). Small numbers of other grasses were also identified: a single Aegilops sp. grain, a 
single Stipa sp. grain, and two Poa bulbosa bulbils. Three additional grains of Hordeum 
glaucum were identified. This locus also contains the only rachis fragments of H 
glaucum recovered (n=2), both with a fragmented wild rachis scar. 
In addition to the mineralized nutlets ofbothArnebia decumbens (n=4) and 
Lithosperumum tenuiflorum (n=11), the samples from locus 721 yielded a number of 
wild/weedy plant taxa. These are present in small numbers except for Erodium sp. seeds 
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(n=5) and fragments of Erodium sp. spiral beak (n=18). Each Erodium achene contains a 
single seed and an attached segment which spirals upon maturity (the spiral beak), which 
is designed to help drive the seed into the soil. These beaks can be 2 em or more in 
length, so it is feasible that the 18 fragments in this sample came from a single 
carbonized specimen. Five seeds tentatively identified as cf. Amaranthus were discovered 
in these deposits, with only six recovered from the total PPNA assemblage. Two ovate 
seeds from an species of Plantago were also recovered, but their unique morphology did 
not bear a resemblance to any known modern species from this genus. Three wild plant 
types identified in these samples include one Fumaria cf. densiflora seed, three Galium 
sp. seeds, and two Malva cf. parviflora seeds. Three additional Malva sp. seeds with an 
adhering reticulated pericarp were also identified. 
The only two pieces of cf. Amygdalus nutshell discovered in the PPNA layers at 
el-Hemmeh were found in the 721 deposits. They were identified by the small holes 
visible on the interior surface of the nutshell and the external surface morphology. One 
hundred sixty three individual Ficus carica pips were also recovered, in addition to a 
small piece of fig mericarp to which pips were still partially attached. Two whole 
Pistacia cf. atlantica nutlets were preserved here, along with a number of nutshell 
fragments roughly equating to the weight of an additional Pistacia nutlet (0.046 g). Three 
Pistacia attachments were also identified. Also recovered were two unique, unidentified 
specimens of a fruit pit and a fruit seed: the fruit pit fragment possessed a striated interior 
surface, and the testa of the unidentified fruit seed exhibited a reticulated pattern. 
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5.3.2 Structure 2 
Locus 719: Sub-Floor Preparation/Fill 
Foil owing the excavation of a thick sequence of floor strata comprising locus 716 
in Structure 2, a rich layer ofloose gray sandy silt was encountered. This locus measured 
approximately 20 em in depth and extended across the entirety of the structure interior 
(Figure 5.13). It contained an abundance of charcoal as well as the skeletal remains of 
one individual (later designated as locus 720). Locus 719 was presumably laid down 
before the construction of the floors above and does not represent a later intrusion. It 
most likely represents a midden-type depositional event during an early occupation ofthe 
structure. 
Locus 719: Archaeobotanical Discussion 
Figure 5.13 The northern 
section profile of Structure 2 
with floor layers (locus 716), 
underlying structure fills 
(locus 719 and 720), and pise 
bin feature below (locus 
790). (Scale= 50 em) 
A sample of 8 L was floated from Locus 719 and provided 4.034 g oflight 
fraction materiaL The overall botanical density indicated good preservation at 0.50 giL, a 
relatively low percentage (24.8%) of which was wood charcoal. This sample featured a 
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variety of cereals, chaff fragments, small-seeded legumes, and other wild taxa (Table 
5.3). Certain aspects of this botanical assemblage, however, were atypical for a mixed 
midden assemblage at el-Hemmeh. One example is the presence of wild emmer wheat 
remains (i.e., grains, glumes, and rachis internodes) present here (n=5), including a 
processed wheat rachis internode. Additionally, this flotation sample contained one of 
only a few goatgrass grains, rare Medicago radiata seeds, and the only Coronilla sp. seed 
found in the PPNA deposits (Figure 5.14). 
In this locus, 220 whole grains and grain fragments were recovered, 179 ofwhich 
(81.4%) could only be identified as indeterminate grain fragments. Ofthe cereal grains 
identifiable to genus-level, two whole grains were identified as cf. Triticum dicoccoides, 
the highest number in any sample. Tbree processed grains, one Hordeum sp. and two 
Poaceae grain fragments, were also noted. Two Triticum sp. glume bases, and two 
Triticum sp. rachis fragments, were also identified. One of these fragments was classified 
as a ripped specimen indicative ofthreshing/dehusking. Hordeum sp. specimens are 
represented by 40 grains, 3 5 of which cannot be determined to species-level. Three grains 
were measured as wild, one as cultivated, and one as an intermediate size. 
Eleven fragments of barley chaff were recognized in this sample. Five rachis 
internodes were poorly preserved and did not possess intact abscission scars for further 
identification. Four specimens possessed a smooth abscission scar indicative of wild 
disarticulation, and one specimen retained a portion of the internode above it, indicating a 
domestic-type scar. An additional barley rachis fragment possessed the ripped appearance 
of a processed specimen altered through threshing and dehusking activities. 
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Figure 5.14 A) .lv.fedicago radiata seed fragments; B) Triticum sp. spikelet fork with 
ripped scar and ventral surface. (Scale = lmm) 
A low number of cultivated legumes were identified in Locus 719. Just two lentils 
(Lens cf. orientalis) were recovered. One large-seeded legume, and one medium-seeded 
legume were also observ~d, but these could not be classified any further due to poor 
preservation. 
The largest number of Medicago radiata seeds found in the PPNA samples was 
recovered from this locus (n=4). Other small-seeded legumes include one Astragalus sp. 
and one Coronilla sp. seed. Coronilla is one of the few genera recovered from the site 
that is found as an element of the Mediterranean chorotype. Three additional small 
legume seeds were counted but could not be identified to species. 
One grain of goatgrass (Aegilops sp.) was identified. Species of this genus are 
common to both steppe and Mediterranean conditions. One specimen of Bromus and one 
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bulbil of Poa bulbosa were also recovered. Unidentified Poaceae remains include four 
unsprouted embryos, two unknown grains, and three fragmented glume bases. 
Few other wild/weedy taxa were identified. Analysis revealed four whole 
Erodium sp. seeds, two ovate specimens determined to be a Plantago type, and seven 
Lithospermum tenuiflorum-type mineralized nutlets. These are fairly common species in 
most of the samples. Forty-six fig pips (Ficus carica) were identified in the locus 719 
flotation sample. One whole nutlet of Pistacia cf. atlantica was also well preserved. 
Additionally, 44 fragments of Pistacia nutshell were recovered. 
Locus 720: Structure Fill (Burial) 
Locus 720 is closely tied to the midden deposits of719 in Structure 2, and the two 
contexts appear to be broadly contemporaneous. Locus 720 comprises the charcoal-rich 
fill found within a pit containing a human burial (Figure 5.13). The pit is most likely a 
distinct feature dug into locus 719 prior to the construction of floor 716. Although 
modem looters destroyed the feature during the 2007 season, excavators noted that the 
burial was clearly an intentional interment and that the body was placed in a seated 
position within the pit. The pit was then infilled with sediment (locus 720) and capped by 
thick floors above. 
Locus 720: Archaeological Discussion 
Despite its relatively small size of 9 L, the flotation sample from locus 720 was 
one of the richest analyzed (Table 5.3). A total of 15.575 g of carbonized plant remains 
were recovered, more than in any other single sample. Overall botanical density was 1. 73 
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giL, the second highest of any of the analyzed loci (behind the sample from 790, also 
from the sub-floor deposits of Structure 2). Just 7.5% ofthe total assemblage weight (g) 
was from non-wood specimens, indicating a very high preservation rate of wood charcoal 
as well. It is clear that, although related, locus 720 possesses much better botanical 
preservation than the surrounding midden locus of 719. It contains twice as many cereals, 
three times as many cultivated legumes, and five times as many fruit and nut remains. 
Of the 440 whole and fragmented cereal grains recovered from the light fraction 
of this sample, 62 were identified as Hordeum sp. (Figure 5.15). Within this category, 19 
grains were preserved well enough for measurements to be taken. Twelve grains were of 
a small wild size, three were intermediate, and four large grains were categorized as a 
cultivated type. Forty-three barley grains were fragmented and indeterminate. Twenty 
specimens of cereal chaff were recognized. Surprisingly, one well-preserved Triticum 
dicoccoides wild-type rachis internode was present. The rest of the assemblage was 
comprised of Hordeum sp. chaff, with 11 specimens of wild-type rachis internodes. An 
additional barley fragment contained a rough scar indicative of a domestic-type rachis. 
Seven specimens were indeterminate fragments ofbarley rachis internodes. 
The cultivated legume assemblage consisted of both lentils and vetch. Five whole 
seeds of Lens cf. orientalis were identified along with six Vicia sp. seeds. An additional 
10 poorly preserved specimens were categorized as medium-seeded legumes that most 
likely represent vetch fragments. 
The category of wild/weedy taxa is well represented by a number of small 
legumes, wild grasses, and other plant types. Single specimens of Astragalus sp., 
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Melilotus sp., andMedicago sp. were found as part ofthe small-seeded legume group. 
Three specimens were further identified as the species Medicago radiata. Two remains 
were identified as a Trigonella type, and three more could not be identified to genus. In 
total, 11 small-seeded legumes were recognized. Many species of wild grasses were also 
identified. These include Aegilops, a possible Eremopyrum-type, Hordeum glaucum, 
Phalaris, Stipa, Poa bulbosa, and unknown Poa and Hordeum specimens. Given the 
excellent preservation of the sample, a variety ofPoaceae evidence was present: whole 
grains, some with sprouted and unsprouted embryos intact, chaff in the form of rachis 
internode fragments and glumes, stems, and culm nodes. 
Twenty-nine other plant specimens were classified as wild/weedy taxa. Many of 
these were single specimens of a species or genus, including Aizoon, Amaranth, 
Andros ace maxima, Artemisia, and Erodium. Multiple specimens of potential ruderal 
species were identified, including Galium (a large- and small-type), Silene, and Malva sp. 
A high density of charred Plantago sp. seeds was also recognized in this sample (14 
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Figure 5.15 A) Androsace maxima seed; B) Fig fruit flesh (left: fruit skin with drupelet 
attachments indicated by arrow, right: flesh and pips); C) Plantago sp. seeds; D) Malva 
sp. seeds; E) cf. Amaranth seed split open during carbonization; F) fragmented Artemisia 
sp. seed; and G) Poaceae embryo fragments. (Scale = 1 mm) 
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out of20 total). While members of the Plantago genus have been found at other PPNA 
sites in the region, the specimens here were not identifiable to species. Some members of 
this genus have medicinal properties (Colledge 1994). 
A total of 538 pips, nutshell, and other fruit parts were recovered from locus 720. 
This represents 48.4% of the total fruit and nut assemblage (n = 1112) identified from the 
25 analyzed PPNA samples. A large number of fig pips, 183 individual specimens, were 
preserved along with 1 0 specimens of charred fig fruit mericarp. These specimens were 
identified based on the impressions of numerous fig drupelets preserved in the interior of 
the fruit mericarp. In addition to a single whole Pistacia cf. atlantica nutlet, 329 
individual fragments of Pistacia nutshell were also recovered, as well as a single piece of 
unidentified nutshell. 
Locus 790: Structure Fill (Bin) 
During excavation in 2007, looters succeeded in digging a trench through the 
floor deposits of Structure 2. They exposed a pise bin feature approximately 3 0 em below 
the floor layers of the structure, below the burial feature (locus 720) (Figure 5.13). The 
bisected bin extended at least 50 em in depth, but its final depth and eastern limits were 
not fully uncovered. The bin is composed of prepared pise walls with a uniform 10 em 
thiclmess. A potential partition, also made of pise, was found within the western portion 
of the bin (although this fragment may also represent a partial collapse of the bin wall). A 
deposit of rich organic sediment was discovered behind this partition in the section wall 
and sampled for flotation (see Figure 3.8). 
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During its use, the bin was not accessed through the overlying floor deposits of 
the structure's fmal occupation. It is clear that the pise bin was built before these deposits 
were laid down and did not serve as a subterranean storage facility. Nor does the bin 
appear to be contemporaneous with the overlying midden deposits and human burial. 
How the bin relates to the overall use of the structure is unclear. Its depth in relation to 
the large stones placed as wall foundations suggests that the bin may have even been built 
before the structure walls. Whether this bin relates to an earlier occupation of the space, 
prior to the creation of Structure 2, is currently unknown. 
Locus 790: Archaeobotanical Description 
A small 3 L sample was retrieved from the interior portion of the bin where 
charcoal density appeared highest. The sample was extracted from behind a pise fragment 
which served to protect the remains during its exposure in the 193N section profile. This 
exact location was revisited in 2010 and another 2 L sample was taken and floated. 
Unfortunately, the 2010 sample yielded very little in terms of both non-wood and wood 
charcoal, likely the result of exposure and disturbance during the three years since initial 
excavation. The sample floated in 2007, however, did yield a considerable amount of 
plant remains, most notably the second-highest density ofPPNA wood charcoal analyzed 
(after locus 720) with 1.21 giL offloated sediment. In total, 148 non-wood specimens 
were recovered from locus 790 (Table 5.3), with a density of 49.33 non-wood 
specimens/L. 
While the assemblage from this bin did not contain a visible cache of seeds 
indicating the storage of a sole plant type, the plant percentages are quite interesting. In 
176 
locus 790, cereals represent 60.1% ofthe total non-wood assemblage. When compared to 
the other four PPNA loci with the highest non-wood charcoal percentages (by weight), 
only one other context contains similar percentages of cereals (locus 719 with 63.5%). 
Of the many cereal specimens recovered from locus 790 (n=89), most were 
unidentifiable grain fragments. Just five grains were preserved well enough to be 
measured and categorized as wild, intermediate, or cultivated. Three of these grains were 
found to be wild, one intermediate, and one from a large, cultivated type. In addition, four 
barley rachis fragments were identified. Each specimen possessed an intact, smooth 
abscission scar indicating a wild form. A single Triticum dicoccoides grain was also 
identified by its irregular, concave ventral side and arching dorsal morphology. 
Additionally, three fragments of a large-seeded legume type were found, but these 
could not be identified to the genus level. 
Within the wild/weedy taxa category, two types oflegumes were identified. The 
first is Medicago radiata, of which one seed specimen was recovered. The second small 
legume type tentatively identified is cf. Astragalus sp., also with one specimen recovered. 
The wild grasses analyzed from locus 790 include two Hordeum glaucum grains, two 
unidentified rachis fragments with wild-type abscission scars, and two unsprouted 
Poaceae embryos. A single small Centaurea sp. seed, as well as one Lithospermum 
tenuiflorum nutlet, were also identified. 
Locus 790 also provided a whole Pistacia cf. atlantica nutlet, one of only five 
whole nutlets found in the PPNA deposits from the site (Figure 5.16). Additional 
Pistacia sp. plant parts include three fragments of nutshell and a single attachment 
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fragment. Thirty-four Ficus carica fig pips were also recovered, as well as four fragment 
of an unidentified nutshell. The nutshell also had bits of carbonized fruit flesh adhering. 
5.3.3 Structure 3 
Locus 729: Midden 
'\ 
.,j 
Figure 5.16 A whole 
Pistacia c£ atlantica nutlet 
with attachment intact. 
(Scale= 1 mm) 
Structure 3 is located on the hillside directly abutting Structure 1 and was 
incompletely excavated during the 2007 season. The northeast portion ofthe structure 
was excavated along its structural wall 712/108, primarily one square meter unit revealing 
a complex sequence of deposits (Figure 5.17). Directly above locus 729 lay two levels of 
architectural collapse: the first, 727, was comprised of orange pise melt originating from 
the superstructure of wall 712; the second, 728, was a mixture ofpise pieces and post-
abandonment fill. Locus 729 below is interpreted as a layer of cultural debris deposited as 
a secondary midden during the fmal occupation of the structure. 
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Figure 5.17 Excavation of 
the deposits located in the 
southern portion of 
Structure 3. (Scale= 50 
em) 
A distinct sediment change was visible between the architectural collapse layers 
and locus 729 (453.23-453.02 masl). The soil color transitioned from an orange brown to 
a dark brown color, and the sediment became noticeably looser and siltier with an 
increase in charcoal, ash, lithic, and groundstone artifact densities. Many unique artifacts 
were recovered within this organic-rich level. A large groundstone pestle was identified 
in the southern section profile next to a polished groundstone axe. Next to the wall 
712/108, a small pestle was uncovered, as well as a crude basalt figurine (Makarewicz 
2010: 34). The high density of artifacts within such a small space suggests that locus 729 
could represent a sort of ritual closing of the structure or the final midden debris 
deposited before the structure was abandoned. However, botanical preservation within 
locus 729 is poor, and much of the charcoal recovered from this organic-rich deposit is 
heavily fragmented. The high level of fragmentation suggests the space may have been 
exposed for some time before the walls deteriorated and collapsed, and also may have 
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been heavily bioturbated. Given this level of uncertainty, the locus has been designated as 
a post-abandonment midden. 
Locus 729: Archaeobotanical Discussion 
A single 8 L sample was processed from locus 729, yielding 39 non-wood plant 
specimens and a density of 4.88 non-wood specimens/L of floated sediment (Table 5.3) 
The sample was taken at a depth of 453.23 - 453.11 masl directly overlying the 
excavated basalt figurine. Preservation was quite poor in terms of charcoal abundance. 
However, a number of fragile remains have survived- rachis fragments, small wild 
seeds, etc. While it is possible that the levels of carbonized plant remains in 729 were 
initially not very high, the dark organic .. rich sediment noted by the excavators suggests a 
substantial midden component. Taphonomic processes may have played a strong role in 
differential preservation within this locus, including abandonment and bioturbation, 
resulting in high levels of fragmentation in some areas while isolated pockets remained 
relatively undisturbed. 
Only a few barley specimens were identified in locus 729: a Hordeum 
spontaneum grain measured to be of intermediate size and three Hordeum sp. grain 
fragments. However, the two barley rachis internode fragments were both very 
interesting. One specimen exhibited a ripped scar and ventral surface, indicative of 
processing such as threshing, and the other rachis possessed a domestic-type rough 
abscission scar. 
Very surprisingly, ofthe five total cereal chaff fragments identified, three were 
determined to be of wild wheat origin. Two glume bases of Triticum dicoccoides were 
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noted as well as a single T. dicoccoides wild-type spikelet fork (Figure 5.18). Unlike 
barley, wild emmer remains are very scarce throughout the PPNA plant assemblage. 
Aside from a single potential grain ofwild emmer in locus 718 (Structure 1), wheat 
grains and chaff are restricted spatially to Structures 2 and 3. 
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Figure 5.18 A) A cf. Triticum dicoccoides spikelet fork; B) Silene/Gypsophila seed 
fragment. (Scale= 1 mm) 
Additionally, a fragment of a medium-sized legume seed was recovered, most 
likely a Vicia sp. fragment. One Lithospermum tenuiflorum nutlet was recovered as part 
of the wild/weedy taxa category. Interestingly, analysis revealed a single fragmented seed 
of Silene/Gypsophila. Although the seed testas of Silene spp. and Gypsophila spp. are 
generally discernible, this fragment was too poorly preserved to be distinguish its genus. 
Given the poor preservation levels of729, it is surprising that this Silene/Gypsophila 
fragment has survived. 
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Only a small number of specimens were identified in the fruits and nuts category. 
Just eight Ficus carica pips and two small fragments of Pistacia sp. nutshell were 
recovered. 
Locus 732: Hearth/Ash Dump 
Beneath the midden 729, which was associated with the fmal 
occupation/abandonment of Structure 3, excavators found evidence of a compact clay 
floor (733) and a related ash deposit (locus 729) (Makarewicz 201 0) (Figure 5.17). The 
area of hard, light gray sediment contained abundant ash and charcoal flecks and was 
located east of the floor along wall 712/108. It has been interpreted as a general 
hearth/ash deposit because it is unclear whether the sediment comprises an in situ 
installation or a secondary dumping of hearth contents. The ash deposit and associated 
floor are considered to be a Phase 2 occupation of Structure 3. Beneath these layers, 
excavators discovered another level of architectural collapse (i.e., pise melt, locus 73 7) 
related to an earlier abandonment of the structure. 
Locus 732: Archaeobotanical Discussion 
A flotation sample was processed from the deposits of732 at a depth of 453.11-
453.08 masl. Unfortunately, only a 2 L sample could be collected within the unit. Only 
five carbonized non-wood plant specimens were recovered during analysis, so very little 
can be said about this deposit from a macrobotanical point of view (Table 5.3). Seed 
density was low, just 2.5 0 specimens/L of floated sediment. Even the total density 
including wood charcoal was just 0.31 giL. This ranks eighth out of the fifteen PPNA loci 
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analyzed. Unfortunately, this botanical assemblage gives almost no information about the 
use of the hearth or its contextual integrity. 
Although similar in preservation to nearby locus 729, the sample from this locus 
does not contain many fragile-type remains. Only two cereal grain fragments were 
recovered, and neither could be identified to genus level. One medium-seeded legume 
fragment was also identified. However, it was missing diagnostic characteristics that 
could have aided its further identification. A single Lithospermum tenuiflorum nutlet was 
recovered from the 732 deposits. Analysis revealed only a single Ficus carica pip from 
this scant assemblage. 
5.4 Data Analysis of P PNA j\1acrobotanical Remains 
The non-wood plant remains discussed in this chapter were identified during the 
analysis of25 flotation samples from 15 PPNA contexts at el-Hemmeh. The 3817 non-
wood macrobotanical specimens recovered from 191 L of archaeological sediment allow 
issues ofPPNA subsistence practices, food-processing activities, local environment, and 
levels of botanical preservation to be explored. While wood charcoal identifications are 
not presented as part of this research (the wood charcoal is being independently analyzed 
by E. Asouti at the University of Liverpool), the weights of recovered wood and 
seed:wood ratios ofPPNA loci are presented as a supplement to the non-wood plant data. 
In this section, absolute counts of identified plant taxa are discussed for each 
locus and for the total PPNA assemblage. Whole seed calculations and the seed 
fragmentation rates of individual taxa have also been calculated. The presence/absence 
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values for seeds and other non-wood plant parts are examined through measurements of 
ubiquity. Seed:wood ratios have also been calculated, as well as the density of non-wood 
remains (co untiL and giL). Percentage distributions are then discussed to to observe 
patterns between context types and within structures. 
5.4.1 Absolute Counts 
The complete dataset of non-wood plant remains retrieved during flotation of the 
PPNA archaeological deposits at el-Hermneh is reported in a locus-by-locus presentation 
of both raw numbers of specimens and their total weights (g) (Tables 5.3 and 5.4). A 
total of 3 817 specimens were recovered in the light fraction (99 .3% of the total 
assemblage) and 27 seed specimens in the heavy fraction (0.7% of the total assemblage). 
Raw numbers of specimens are given without any recalculation to account for issues such 
as whole vs. fragmented seeds or inconsistencies in sample size. Absolute counts, even 
considering these acknowledged problems, allow a comparison ofmacrobotanical 
assemblages between contemporary archaeological sites. Similar presentations of data 
have been published for other PPNA sites in the southern Levant, including Zahrat adh-
Dhra' 2 (Edwards et al. 2004), Wadi Faynan 16 (Kennedy 2007), Netiv Hagdud (Kislev 
1997), Gesher (Kislev, Simchoni, and Melamed 2006), and Iraq ed-Dubb (Colledge 
2001), and are discussed further in Chapter 7. 
The absolute counts for both individual taxa are presented in Table 5.3 with a 
final column representing the PPNA taxon and category totals. Percentage comparisons 
between the absolute counts of the basic plant taxa categories are presented in Table 5.2. 
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Categories of plant remains with the highest overall percentages by NISP are cereal 
grains (n=1896), fruits and nuts (n=ll40), and large legumes (n=259). Both cereal grains 
and Pistacia nuts have a high fragmentation rate (see section 5.4.3), likely elevating the 
numbers of individual specimens found within these categories. A single Ficus carica 
fruit can also produce thousands of individual drupelets, and so it is possible that the 602 
fig seeds identified in the PPNA deposits originated from just a few fruits. 
5.4.2 Whole Seed Counts 
Within the el-Hemmeh assemblage, a number of taxa (n= 53) provided real 
weights of whole seeds and allowed for the calculation of seed fragments into whole seed 
values. These data are presented in Table 5.5 and Table 5.6. The taxon with the greatest 
number of calculated whole seeds is the "cerealia indeterminate grain fragments" 
category containing the equivalent of273 whole grains. The second group with a high 
number of"whole" seeds is Lens cf. orientalis with the equivalent of71lentils. The 
groups of both Vicia sp. (n=50) and medium-seeded legumes (n=66) (a general category 
that most likely also contains vetch seeds) also possess high numbers of calculated whole 
seeds. Other legumes along with cereal grains (e.g., Hordeum sp. indeterminate grain 
fragments) represent some ofthe largest-sized seeds encountered in the assemblage. 
Also unsurprising are the sixth- and seventh-ranked taxa containing the highest 
numbers of whole seeds: the nutlets of Arnebia decumbens and Lithospermum 
tenuiflorum. These nutlets from the Boraginaceae family are comprised of a hardy 
silicified exocarp protecting the inner seed, and they may be preserved in archaeological 
185 
deposits with or without undergoing the process of carbonization (van Zeist and Bakker-
Heeres 1982). High numbers in the el-Hemmeh assemblage are found, and 100% were 
recovered in a whole-seed state due to their hardy exocarp. 
Aside from the Borage nutlets, the top-ten most numerous taxa calculated by 
whole seed counts are all potential cultigens of the PPNA (i.e., barley, lentils, and vetch). 
These seeds are likely preserved due to both their large seed size and their abundance on 
site as important food sources. The high number of cultigens is especially relevant if 
these food sources were stored in large amounts for consumption throughout the year, as 
has been suggested at the PPNA sites of Gilgal and Netiv Hagdud (Weiss et al. 2006, 
Kislev et al. 201 0). While the analyzed contexts from el-Hemmeh have not yet yielded 
clear assemblages of stored cultigens, their abundance across the site suggests they were 
significant in large numbers. Another taxon with a high whole seed count is Pistacia cf. 
atlantica (n=18), a species with medicinal properties and whose nutlets can be roasted 
and eaten (Kislev 1997: 21 0). The high numbers of nutshell fragments are likely a 
product of three factors: large seed size, abundant consumption and proximity to 
charring, and good preservation due to the resiliency of the Pistacia nutshell. 
The next three most abundant groups of calculated whole seeds are Astragalus sp. 
(n=15), Phalaris sp. (small grain-type) (n=15), and Erodium sp. (n=l3). While 
Astragalus can be eaten as a food and the roots of some species have medicinal 
properties, it is also a common component of steppe vegetation (Colledge 1994). Van 
Zeist and Bakker-Heeres (1982: 234) note that large numbers of Astragalus seeds 
recovered from the PPNB site ofRamad, Syria, may indicate use of this woody plant as a 
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source of fuel. Both Astragalus and Phalaris are also well-suited to the environments of 
cultivated fields (van Zeist and Bakker-Heeres 1982). Phalaris is not recognized as a 
food source in the Near East nor does it have any known medicinal properties, so its 
relatively high numbers in the assemblage may indicate its presence in cultivated or 
disturbed environments around the site. Erodium spp., however, are frequently collected 
by modern villagers for their leafY greens and schizocarps (Ertug 1998 ag book/online; 
Al-Qura'n 2010). These plants are also frequently found growing alongside wild barley 
and in disturbed places in Jordan and Israel. 
The small-seeded legumes (n=ll), Trigonella sp. (n=10), and Malva spp (n=10) 
taxa also contained moderate number of calculated whole seeds, ranking 17-19 out of 53. 
It is likely that the fragments comprising the first category are primarily Astragalus, 
Trigonella, and Melilotus spp., all of which have a similar morphology and can be 
extremely difficult to identifY to the species level. The taxon Trigonella is present in 
similar numbers and is comprised of those small-seeded legumes which could be reliably 
identified to this genus. The fresh leaves and shoots of Malva spp. are frequently 
consumed as a cooked vegetable dish in modern Jordan, where their taste is preferred 
over all other leafY greens (Al-Qura'n 2010: 239). Mallow is also a common component 
of cultivated barley fields by at least the Bronze Age (van Zeist and Bakker-Heeres 
1985), which does not preclude its intentional collection as a food source. 
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Table 5.5 Whole seed weights with fragmentation index, total PPNA assemblage (25 
samples). 
Cereals Total Ct. Total Wt. Whole Calc.# of Frag. 
(g) Seed Wt. Whole Index 
(g) Seeds 
Hordeum spontaneum wild- 33 0.150 0.005 30 1.10 
size grn 
Hordeum spontaneum cult- 30 0.179 0.006 30 1.01 
size grn 
Hordeum spontaneum 16 0.075 0.005 15 1.07 
intermed grn 
Hordeum sp. indet grn frags 154 0.220 0.005 44 3.50 
Triticum dicoccoides grn 4 0.012 0.007 2 2.33 
Cerealia indet grn frags 1634 1.366 0.005 273 5.98 
Processed gm frag 20 0.020 0.005 4 5.00 
Large Legumes 
Lens cf. orientalis 99 0.355 0.005 71 1.39 
Vicia sp. 35 0.299 0.006 50 0.70 
Vicia!Lathyrus 5 0.022 0.003 7 0.68 
Large-seeded legume indet 42 0.156 0.005 31 1.35 
Medium-seeded legume indet 78 0.264 0.004 66 1.18 
Small-Seeded Legumes 
cf Cicer (small) 4 0.005 0.001 5 0.80 
Medicago radiata 9 0.008 0.002 4 2.25 
Medicago cf. minima 2 0.002 0.001 2 1.00 
Medicago sp. 2 0.003 0.001 3 0.67 
Astragalus sp. 17 0.015 0.001 15 1.13 
cf. Melilotus 5 0.005 0.001 5 1.00 
cf. Trigonella 9 0.010 0.001 10 0.90 
Small-seeded legume indet 11 0.011 0.001 11 1.00 
frags 
Wild Grasses 
cf. Aegilops grn 4 0.011 0.004 3 1.45 
Bromus sp. long gm 1 0.002 0.002 1 1.00 
Bromus sp. short grn 4 0.003 0.001 3 1.33 
Hordeum glaucum grn 7 0.011 0.003 4 1.91 
Phalaris sp. small grn 25 0.015 0.001 15 1.67 
Phalaris sp. large grn 8 0.004 0.001 4 2.00 
Poa bulbosa bulbil 7 0.008 0.001 8 0.88 
Poaceae gm type 1 6 0.005 0.001 5 1.20 
Poaceae gm type 5 16 0.005 0.001 5 3.20 
Poaceae indet gm frags 38 0.033 0.002 17 2.30 
Wild/Weedy Taxa 
Aizoon sp. 4 0.007 0.002 4 1.14 
Androsace maxima 1 0.002 0.002 1 1.00 
Arnebia decumbens-type 33 0.076 0.002 38 0.87 
Centaurea sp. small-type 1 0.001 0.001 1 1.00 
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Table 5.5 Whole seed weights with fragmentation index, total PPNA assemblage (25 
samples) (continued). 
Cereals Total Ct Total Wt. Whole Calc.# of Frag. 
(g) Seed Wt. Whole Index 
(g) Seeds 
Erodium sp. 15 0.013 0.001 13 1.15 
Fumaria sp. 2 0.004 0.002 2 1.00 
Galium sp. large-type 1 0.005 0.005 1 1.00 
Galium sp. small-type 4 0.007 0.002 4 1.14 
Lithospermum tenuiflorum- 39 0.079 0.002 39 1.00 
type 
Malva sp. 9 0.007 0.001 10 0.90 
Plantago sp. 20 0.018 0.002 9 2.22 
Silene/Gypsophila 4 0.004 0.002 2 2.00 
Fruits and Nuts 
Pistacia sp. whole nutlets 498 0.605 0.037 18 28.14 
Total counts and wt. (g) 2956 4.534 883 2.18 
Table 5.6 The PPNA taxa list, ranked by both seed fragmentation rate and the calculated 
number of "whole" seeds represented in the assemblage. 
Taxa List (High to Low) Frag. Taxa List (High to Low) Calc.# of 
Index Whole 
Seeds 
1 Pistacia sp. nutlets 28.14 1 Cerealia indet gm frags 273 
2 Cerealia indet gm frags 5.98 2 Lens cf. orientalis 71 
3 Processed gm frag 5.00 3 Medium-seeded legume indet 66 
4 Hordeum sp. indet gm frags 3.50 4 Vicia sp. 50 
5 Poaceae gm type 5 3.20 5 Hordeum sp. indet gm frags 44 
6 Triticum dicoccoides gm 2.33 6 Lithospermum tenuiflorum- 39 
type 
7 Poaceae indet gm frags 2.30 7 Arnebia decumbens-type 38 
8 Medicago radiata 2.25 8 Large-seeded legume indet 31 
9 Plantago sp. 2.22 9 Hordeum spontaneum wild- 30 
size gm 
10 Phalaris sp. large gm 2.00 10 Hordeum spontaneum cult- 30 
size gm 
11 Silene/Gypsophila 2.00 11 Pistacia sp. nutlets 18 
12 Hordeum glaucum gm 1.91 12 Poaceae indet gm frags 17 
13 Phalaris sp. small gm 1.67 13 Hordeum spontaneum 15 
intermedgm 
14 cf. Aegilops gm 1.45 14 Astragalus sp. 15 
15 Lens cf. orientalis 1.39 15 Phalaris sp. small gm 15 
16 Large-seeded legume indet 1.35 16 Erodium sp. 13 
17 Bromus sp. short gm 1.33 17 Small-seeded legume indet 11 
frags 
18 Poaceae gm type 1 1.20 18 cf. Trigonella 10 
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Table 5.6 The PPNA taxa list, ranked by both seed fragmentation rate and the calculated 
number of"whole" seeds represented in the assemblage (continued). 
Taxa List (High to Low) Frag. Taxa List (High to Low) Calc.# of 
Index Whole 
Seeds 
19 Medium-seeded legume indet 1.18 19 Malvasp. 10 
20 Erodium sp. 1.15 20 Plantago sp. 9 
21 Aizoon sp. 1.14 21 Poa bulbosa bulbil 8 
22 Galium sp. small-type 1.14 22 Vicia/Lathyrus 7 
23 Astragalus sp. 1.13 23 cf. Cicer (small) 5 
24 Hordeum spontaneum wild- 1.10 24 cf. Melilotus 5 
size grn 
25 Hordeum spontaneum intermed 1.07 25 Poaceae grn type 1 5 
grn 
26 Hordeum spontaneum cult-size 1.01 26 Poaceae gm type 5 5 
gm 
27 Medicago cf. minima 1.00 27 Processed gm :frag 4 
28 cf. Melilotus 1.00 28 Medicago radiata 4 
29 Small-seeded legume indet 1.00 29 Phalaris sp. large gm 4 
:frags 
30 Bromus sp. long grn 1.00 30 Hordeum glaucum grn 4 
31 Androsace maxima 1.00 31 Aizoon sp. 4 
32 Centaurea sp. small-type 1.00 32 Galium sp. small-type 4 
33 Fumariasp. 1.00 33 Medicago sp. 3 
34 Galium sp. large-type 1.00 34 Bromus sp. short grn 3 
45 Lithospermum tenuiflorum- 1.00 45 cf. Aegilops grn 3 
type 
46 cf. Trigonella 0.90 46 Medicago cf. minima 2 
47 Malva sp. 0.90 47 Fumariasp. 2 
48 Poa bulbosa bulbil 0.88 48 Silene!Gypsophila 2 
49 Arnebia decumbens-type 0.87 49 Triticum dicoccoides gm 2 
50 cf. Cicer (small) 0.80 50 Bromus sp. long gm 1 
51 Vicia sp. 0.70 51 Androsace maxima 1 
52 Vicia/Lathyrus 0.68 52 Centaurea sp. small-type 1 
53 Medicago sp. 0.67 53 Galium sp. large-type 1 
5.4.3 Seed Fragmentation Index 
It is clear from examining the whole seed calculations from el-Hemmeh that seed 
remains from some taxa are much more fragmented than others. This differential 
preservation between taxa is not uncommon given differences in seed size, shape, and 
composition, as well as the variable levels of distortion caused during the carbonization 
process (Boardman and Jones 1990). The seed fragmentation value for each individual 
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taxon was detennined by dividing the total count of all specimens within a given taxon 
by the number of calculated whole seeds present within it. This provided an index 
between 1.00 (no fragmentation) and 28.14 (very high fragmentation) (Table 5.6). Some 
taxa produced a fragmentation number smaller than 1.00 as a result of varied seed 
weights, and these groups were included in the 1. 00 "no fragmentation" category. 
The taxon with the greatest amount of fragmentation is clearly Pistacia sp. 
nutlets. The calculations indicate that 28.14 individual fragments typically comprise one 
whole nutlet at el-Hemmeh. The group with the second-highest fragmentation rate is the 
cerealia indeterminate grain fragments group, with a fragmentation score of 5.98. This 
number indicates that the weight of a single whole cereal grain within this category is, on 
average, equivalent to nearly six grain fragments. Processed grain fragments have the 
third-highest fragmentation rate, with a 3.50 score. This makes sense because processing 
activities such as grinding and pounding grains into flour serve to intentionally fragment 
the seeds. The five following groups, rank:ed 4-8, are also within the Poaceae family: 
Hordeum sp. grain fragments, Poaceae grain (type 5), Triticum dicoccoides grain, and 
Poaceae grain fragments. The high rates of fragmentation amongst the Poaceae family 
can be attributed to the fact that "long, slender cereal grains (and any other similarly 
shaped seeds) are much more likely to break when subjected to any form of attrition" 
(Colledge 1994: 152). And some seeds, such as lentils, have a typical breakage pattern 
whereby the seed splits into its two cotyledons. Smaller, more compact seeds (such as 
Chenpodium, for example) seem to be less affected by various fragmentation processes. 
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While seed fragmentation values may be affected by taphonomic processes as 
well as seed morphology, their recovery and identification may further influence 
fragmentation rates. In addition to damage caused during the flotation process, seed 
fragmentation rates are the result of an artificial bias created by the archaeobotanist 
during analysis. This bias has occurred in two distinct ways. The first is a reflection of the 
identification protocol used during microscopic analysis ofthe el-Hemmeh samples, in 
which only whole identifiable seeds were pulled from the 0.5 mm size fraction. This 
selection has limited the number of small seed fragments collected and, in effect, any 
fragments from very small seeds at the tail end of the size spectrum. As a result, nearly 
all seeds measuring 0.5 mm (or only slightly larger) were collected whole. 
The second analysis-induced bias comes from the use of diagnostic markers to 
identify seed types (surface characteristics, diagnostic seed shapes, endosperm structure, 
etc.). While these markers are clearly the most obvious and useful means to identify 
remains, some taxa are more readily identifiable to a higher degree of fragmentation due . 
to their recognizable features. Pistacia nutshell fragments, for example, were easily 
identified regardless of their size. Grain fragments too could be identified based on seed 
shape, size, testa and endosperm. Other taxa, such as Medicago radiata with a score of 
2.25, Plantago sp. with a score of2.22, were readily identifiable by their surface 
characteristics. Medicago radiata, for example, possesses prominent ridges and grooves 
on its surface very unlike that of other Fabaceae seeds (van Zeist and Bakker-Heeres 
1982: 225). The Plantago specimens, while they could not be identified to the level of 
species, were quickly recognized by their broad furrow and longitudinal ridge running the 
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extent of the ventral surface. Seeds of Silene/Gypsophila, with concentric rows of raised 
ridges on their surfaces, were also identifiable to 2.0 fragments per seed. 
All factors considered, it is clear that seed fragmentation indices do not reliably 
reflect the relative levels of seed fragmentation within a given archaeological deposit. For 
evaluations of preservation rates between samples, it may be more helpful to use ratios of 
fragments to actual whole seeds, or comparisons of wood charcoal size fractions 
(discussed in the Taphonomy section). What the seed fragmentation index at el-Hemmeh 
does reflect, however, is the level at which the archaeobotanist was able to identifY the 
remains of each specific taxon. This is a key point because it provides a quantification of 
the levels of identification and acknowledges certain biases within the skills and methods 
ofthe analyst. 
5.4.4 Ubiquity 
Calculations of ubiquity present the number of samples, or number of contexts, in 
which a specific taxon occurs. This method standardizes presence/absence values across 
the site without using absolute count data. Ubiquity percentages have been calculated for 
seven charcoal-rich contexts in which at least 100 individual non-wood specimens 
wereidentified: 715a, 717b, 718, 719, 720, 721, and 790. 
Within these seven contexts, 100% contained specimens from each of the major 
taxa categories: cereals, large legumes, small-seeded legumes, wild grasses, wild/weedy 
taxa, and fruits and nuts. Whereas this attests to the rich nature of the assemblages, 
individual taxa within these groups provide highly variable frequency scores. Within the 
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cereal grains category, a notable 100% contain cultivated-size grains and 71% contain 
ripped-scar barley rachis fragments indicative of processing activities (e.g., threshing). 
Evidence of other processing activities, such as ground cereal grains, are present in 86% 
of the samples (six total contexts with Hordeum sp. and/or Poaceae processed grain 
fragments). Evidence of wild emmer wheat, however, is much less frequent, with just 14-
29% of samples providing Triticum dicoccoides grains, glume bases, and spikelet forks. 
Lentils are quite ubiquitous with an 86% frequency score. Vicia sp. seeds are 
considerably less frequent ( 43% ), although the large- and medium-seeded legume groups 
(most likely vetch seeds lacking diagnostic markers) are represented at 86% and 71% 
respectively. Three small-seeded legume taxa are found in at least half the samples: 
Medic ago radiata, cf. Astragalus, and cf. J.\1elilotus species, with 57% frequency scores. 
Vlhen all forms of Astragalus are taken together (type 1, type 2, and cf. identification), 
this genus is found in 71% of the analyzed contexts, making it the most ubiquitous small-
seeded legume. Seeds of cf. Trigo nella, while certainly not as frequent, are present in 
three of seven samples with a frequency score of 43%. 
The ubiquity values for the wild Poaceae category vary considerably by taxon. 
The most frequent wild grasses are .. small-grained Phalaris sp. and Poa bulbosa bulbils 
(71 %), followed by Hordeum glaucum and cf. Aegilops gains (57%). The chaff of wild 
grasses, however, is quite rare: just 14% of the contexts possess evidence of Hordeum 
glaucum spikelet forks, Poaceae spikelet forks, glume bases, and culm nodes. This low 
frequency can be compared with the ubiquity of Hordeum spontaneum cereal chaff, 
present in 100% ofthe contexts. 
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Within the wild/weedy taxa category, it is no surprise that the Boraginaceae 
nutlets are :frequently found given their hardy, silicified exoskeletons. Lithospermum 
tenuiflorum nutlets have a frequency score of 86%, and Arnebia decumbens nutlets have 
a frequency score of71 %. Other common wild taxa include Erodium sp. (71 %) and 
Plantago sp. seeds (71 %), each present in five of the seven contexts; and Malva spp. 
(43%), present in three of seven contexts. 
Many plant types within the wild/weedy category are found in lower numbers. 
These include Galium spp. (29%), Artemisia sp. (29%), and the Silene/Gypsophila-type 
(29%). Other plant types, present in just a single context, include specimens of Aizoon 
hispanicum, Andros ace maxima, Asteraceae and Centaurea-types, and Fumaria cf. 
densiflora (14%). 
The fruit and nut category poses an issue because many of the taxa in this group 
are either ubiquitous or very rare. For example, both fig pips and Pistacia nutshell are 
found in 100% of the contexts, whileAmygdalus was identified injust one (14%). Other 
unidentified bits of :fruit pits and nutshell were also found in low numbers (14%). The 
overall high rate of botanical preservation within these seven contexts is evidenced by the 
high frequency scores of Pistacia nutlets preserved whole (57%), as well as the ubiquity 
of small, :fragile Pistacia attachment stems (57%). Other :fragile plant parts, such as 
carbonized Ficus carica mericarp fragments with pips still adhering, were also present 
(29%). 
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Table 5.7 Frequency scores for all non-wood plant taxa present within PPNA 
archaeological contexts yielding 100+ non-wood macrobotanical specimens (a total of 
seven contexts). 
Ubiquity % 
Cereals 
Hordeum spontaneum wild-size grn 6 86 
Hordeum spontaneum cult-size gm 7 100 
Hordeum spontaneum intermed gm 6 86 
Hordeum sp. indet gm frags 6 86 
Hordeum spontaneum wild-type spikelet 7 100 
fork 
Hordeum spontaneum dam-type spikelet 3 43 
fork 
Hordeum sp. basal spikelet fork 1 14 
Hordeum sp. indet spikelet fork 6 86 
Triticum dicoccoides gm 2 29 
cf. Triticum gm 1 14 
Triticum sp. glume base 1 14 
Triticum dicoccoides wild-type spikelet 1 14 
fork 
Triticum sp. indet spikelet fork 1 14 
Cerealia indet grn frags 7 100 
Hordeum sp. processed grn frag 5 71 
Poaceae processed grn frag 3 43 
Hordeum sp. ripped-scar spikelet fork 5 71 
Triticum sp. ripped-scar spikelet fork 1 14 
Cooked food residue frags 1 14 
Total cereal grains and frags: 7 100 
Total chaff: 7 100 
Total processed cereal evidence: 7 100 
Large Legumes 
Lens cf. orientalis 6 86 
cf. Lens 2 29 
Vicia sp. 3 43 
Vicia/Lathyrus 1 14 
Large-seeded legume indet 6 86 
Medium-seeded legume indet 5 71 
Total large legumes: 7 100 
Small-Seeded Legumes 
cf. Cicer (small) 1 14 
Medicago radiata 4 57 
Medicago cf. minima 1 14 
Medicago sp. 2 29 
Astragalus sp. (type 1) 1 14 
Astragalus sp. (type 2) 1 14 
cf. Astragalus 4 57 
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Table 5.7 Frequency scores for all non-wood plant taxa present within PPNA 
archaeological contexts yielding 100+ non-wood macrobotanical specimens (a total of 
seven contexts) (continued). 
Ubiquity % 
Small Legumes (cont.) 
cf. Coronilla 1 14 
cf. Melilotus 4 57 
Melilotus sp. pod frag 1 14 
cf. Trigonella 3 43 
Small-seeded legume indet frags 3 43 
Total small-seeded legumes: 7 100 
Wild Grasses 
cf. Aegilops gm 4 57 
Bromus sp. long gm 1 14 
Bromus sp. short gm 2 29 
cf. Eremopyrum gm 3 43 
Hordeum glaucum gm 4 57 
Hordeum glaucum spikelet fork 1 14 
Hordeum sp. gm wide-furrow 2 29 
cf. P ani cum gm 1 14 
Phalaris sp. small gm 5 71 
Phalaris sp. large gm 2 29 
Poa bulbosa bulbil 5 71 
Stipa sp. gm 2 29 
Poaceae gm type 1 4 57 
Poaceae gm type 5 2 29 
Poaceae embryo unsprouted 5 71 
Poaceae embryo sprouted 3 43 
Poaceae spikelet fork 4 57 
Poaceae glume base 1 14 
Poaceae culm node 1 14 
Poaceae indet gm frags 6 86 
Total wild Poaceae grains and frags: 7 100 
Total wild Poaceae chaff: 7 100 
Wild!W eedy Taxa 
Aizoon hispanicum 1 14 
cf. Aizoon 2 29 
cf. Amaranth 2 29 
Androsace maxima 1 14 
Arnebia decumbens-type 5 71 
Artemisia sp. 2 29 
Asteraceae-type 1 14 
Centaurea sp. small-type 1 14 
Erodium sp. 5 71 
Erodium sp. spiral beak frag 4 57 
Fumaria cf. densiflora 1 14 
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Table 5.7 Frequency scores for all non-wood plant taxa present within PPNA 
archaeological contexts yielding 100+ non-wood macrobotanical specimens (a total of 
seven contexts) (continued). 
Ubiquity % 
Wild/Weedy (cont.) 
Fumariasp. 0 0 
Galium sp. large-type 1 14 
Galium sp. small-type 2 29 
Lithospermum tenuiflorum-type 6 86 
Malva cf. parviflora 2 29 
Malva sp. with pericarp 1 14 
cf.Malva 3 43 
Plantago sp. 5 71 
Silene sp. 1 14 
Silene/Gypsophila 1 14 
Total wild seeds and plant parts: 7 100 
Fruits and Nuts 
cf. Amygdalus nutshell frag 1 14 
Ficus carica pip 7 100 
Ficus carica mericarp 2 29 
Pistacia cf. atlantica whole nutlets 4 57 
Pistacia sp. nutshell frags 7 100 
Pistacia sp. attachments 4 57 
Unidentified nutshell1 1 14 
Unidentified nutshell2 with fruit flesh 1 14 
Unidentified fruit pit frag (striated) 1 14 
Unidentified fruit seed testa (reticul.) 1 14 
Total pips, nutshell, and fruit parts: 7 100 
5.4.5 Ratios and Densities 
Seed:wood ratios have been used to compare the assemblage composition of 
fifteen PPNA contexts and identifY the relative percentages of preserved non-wood to 
wood remains. Table 5.8 presents information from each of the fifteen contexts including 
the weights ofboth non-wood specimens (noted as "seeds" in the seed:wood ratio) and 
wood charcoal (1 mm or greater in size). This table also presents a score for each context 
indicating the weight of identified non-wood remains relative to 1 gram of wood 
charcoal. For example, locus 702 has a seed:wood ratio of0.149, indicating that 0.149 g 
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of non-wood remains are present for every gram of wood charcoal. These results were 
then calculated into relative percentages, which are displayed in Figure 5.19. 
Clearly the context with the highest percentage of seed remains ( 43.5%) is locus 
707, a context of Structure 1 wall collapse. The context with the second-highest 
seed:wood ratio ( 40.6%) is locus 790, identified as the bin located beneath Structure 2. 
The contexts with the third- and fourth-highest seed percentages are loci 720 (36.4%) and 
719 (32.0%), burial fill and midden deposits also from Structure 2. It is apparent that the 
contexts from Structure 2 possess higher overall seed:wood ratios than those from 
Structures 1 and 3. This is most likely due to the types of contexts which were sampled 
from each structure. For example, none of the contexts within Structure 2 was identified 
as living surfaces/floors or hearth/ash deposits, while five of the loci within Structure 1 
were identified as such, as well as the two from Structure 3. Additionally, the bin feature 
in Structure 2 may contain a higher percentage of seeds due to its original purpose, 
possibly that of food storage. Preservation factors also come into play: perhaps the 
remains in Structure 2 were quickly covered, while those located on the floor surfaces of 
Structure 1 were exposed for a longer period of time. This would result in higher rates of 
seed destruction while resilient wood charcoal survived. 
The high percentage of seeds in the 707 context of architectural collapse from 
Structure 1 (43.5%) is obviously misleading. Instead of a rich assemblage of non-wood 
remains in this sample, the ratio reflects overall very poor preservation. In fact, it is the 
second-poorest assemblage in terms of charcoal weight (after 732). It is therefore critical 
to consider the relative amounts of charcoal retrieved from these loci. These data are 
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presented in Table 5.8 with seed:wood percentages as well as the absolute weights (g) of 
light fraction analyzed from each context. From this data, we can see that the contexts 
with the most botanical material are 715a, 717b, 718, 720, and 721, most of which is 
wood charcoal. However, these calculations do not take into account varying sample size. 
Samples from locus 721, for example, provided 51 total liters of floated archaeological 
sediment, while just two liters were floated from locus 713. 
Table 5.8 Calculations of seed:wood ratios by PPNA context, with relative percentages. 
Context Context Seed Wt. (g) Wood (>1 Seed: Wood %Seed % 
Type Number mm) (g) Ratio Wood 
Hearth 717a 0.003 0.168 0.018 1.8 98.2 
717b 0.553 5.282 0.105 10.5 89.5 
732 0.017 0.080 0.213 21.3 78.7 
Floor Sur. 715a 0.202 2.910 0.069 6.9 93.0 
721 1.543 13.777 0.112 11.2 88.8 
Midden 713 0.025 1.276 0.020 2.0 98.0 
718 0.380 2.925 0.130 13.0 87.0 
729 0.044 0.877 0.050 5.0 95.0 
Architect. 707 0.037 0.085 0.435 43.5 56.5 
710 0.030 0.820 0.037 3.7 96.3 
Str. Fill 715b 0.044 0.675 0.065 6.5 93.5 
719 0.320 1.001 0.320 32.0 68.0 
720 1.173 3.225 0.364 36.4 63.6 
790 0.142 0.350 0.406 40.6 59.4 
Disturbed 702 0.021 0.141 0.149 14.9 85.1 
Additional density measures calculated the amount of charred botanical material 
per liter of floated archaeological sediment. Density ratios were calculated at the level the 
individual context (15 total). The total charcoal densities (non-wood and wood remains) 
for each of the fifteen contexts have been calculated and presented in Table 5.9. The 
average density of all the contexts is 0.536 giL, but densities vary considerably by 
context (from just 0.065 giL to 1.731 giL). Of the 15 contexts sampled, seven loci 
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provided moderate to excellent levels of botanical preservation with their total charcoal 
densities exceeding 0.500 grams of carbonized botanical material per liter of floated 
archaeological sediment (all wood and non-wood charcoal). 
The highest total charcoal density comes from locus 720, the burial fill context in 
Structure 2, and the second highest from the bin feature 790, also from Structure 2 (1.212 
giL). Other contexts with a high total charcoal density are locus 718, a Structure 1 
midden; locus 715b, the burial fill from Structure 1; and locus 721, a series of floor 
deposits within Structure 1. The high density of plant remains in the two burial fill 
contexts is intriguing and raises the question of whether human remains may have been 
intentionally buried with specific plant material, or whether this pattern is a product of 
preservation conditions. 
Table 5.9 Overall macro botanical densities (both seed and wood charcoal) calculated for 
each PPNA context (giL), along with the standard deviation for each context type. 
Context Structure Macro bot. Standard 
T_YQ_e Locus Descril)tion No. Density (giL) Deviation 
Hearth 717a Hearth Platform Contents 1 0.112 0.213 
717b Hearth Feature Contents 1 0.538 
732 Feature/Dump Contents 3 0.313 
Floor 715a Floor Surface Layers 1 0.351 0.245 
Surface 721 Floor Surface Layers 1 0.698 
Architect. 707 Roofing/Wall Collapse 1 0.152 0.035 
710 Collapse/Midden 1 0.202 
Midden 713 Midden (Post-abandon.) 1 0.281 0.351 
718 Midden 1 0.863 
729 Midden (Post-abandon.) 3 0.233 
Structure 715b Burial Feature Fill 1 0.715 0.548 
Fill 719 Sub-Floor Prep./Fill 2 0.504 
720 Burial Feature Fill 2 1.731 
790 Bin Fill 2 1.212 
Disturbed 702 Disturbed PPNA Material 1 0.065 --
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Figure 5.19 The percentage of seeds (in gray) and wood charcoal (in black) calculated 
for each PPNA context. The number of identified seeds and other non-wood plant 
specimens from each context is noted at top (n=x). 
In order to address this question and look for other patterns, non-wood (seed) 
densities were also calculated for each context (Table 5.10). Two variations are 
presented: in the first, the numerator is the total number of non-wood specimens 
identified from samples all belonging to the same context. This is presented as the 
number of identified specimens per liter (NISP/liter) for each context. In the second 
density ratio, the numerator is the total weight of the non-wood specimens from a given 
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context, represented as grams per liter (giL). Both density ratios are frequently utilized in 
archaeobotanical analysis and, given the varying fragmentation rates and seed weights 
within the el-Hernmeh samples, provide important information concerning the 
percentages of non-wood remains present in each context. 
Table 5.10 Density ofPPNA non-wood plant remains by count (NISPIL) and weight 
(giL), with the top six ranked contexts. 
Context Structure Seed Seed 
Type Locus Description No. NISP/L giL Rank 
Hearth 717a Hearth Platform Contents 1 1.50 0.01 
717b Hearth Feature Contents 1 16.32 0.02 6 
732 Feature/Dump Contents 3 2.50 O.Ql 
Floor 715a Floor Surface Layers 1 6.29 0.01 
Surface 721 Floor Surface Layers 1 21.29 0.03 5 
Architect. 707 Roofing/Wall Collapse 1 3.20 0.01 
710 Collapse/Midden 1 1.78 0.01 
Midden 713 Midden (Post-abandon.) 1 2.55 O.Ql 
718 Midden 1 34.56 0.04 4 
729 Midden (Post-abandon.) 3 4.88 0.01 
Structure 715b Burial Feature Fill 1 4.11 O.Ql 
Fill 719 Sub-Floor Prep./Fill 2 46.88 0.04 3 
720 Burial Feature Fill 2 122.56 0.13 1 
790 Bin Fill 2 49.33 0.05 2 
Disturbed 702 Disturbed PPNA Material 1 1.63 0.01 
A number of contexts contained relatively high densities of non-wood 
macro botanical remains. Those with the highest densities of non-wood remains include 
locus 720, the Structure 2 burial context (122.56 NISPIL); locus 790, the Structure 2 bin 
feature (49.33 NISPIL); locus 719, the Structure 2 midden (46.88 NISPIL}; locus 718, a 
Structure 1 midden (34.56 NISPIL); and locus 721, Structure 1 floor deposits (21.29 
NISPIL). In considering the question ofburial practices and the possibility that certain 
remains may have been intentionally included with burials beneath the floors of 
Structures 1 and 2, the non-wood densities ofloci 715b and 720 were compared. While 
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locus 720 contains by far the highest non-wood density of any context, locus 715b 
actually contains a very low density of non-wood remains (4.11 NISP/L). It therefore 
seems more likely that the high densities of total charcoal in these burial loci may be 
more related to methods of deposition and preferential preservation conditions. One 
possibility is that the subterranean burial pits were filled with local soil containing 
midden material and household refuse, and that the closing of these pits helped to 
preserve the charred plant remains in the soil from additional exposure and bioturbation. 
Other context types, notably the structure fill contexts, also contain relatively high 
densities of non-wood charcoal. Floor surfaces and hearths, however, contain very little 
material, perhaps related to frequent cleanings of these spaces or post-depositional 
exposure. Seed densities are lowest in the contexts designated as disturbed and as 
architectural collapse. In the case of wall and roofing material, low seed densities are 
probably not the result of a lack of plant material upon deposition. We know cereal chaff 
and other plant remains were present in the pise construction because of their preserved 
impressions. But because the construction material was never burned or charred, this 
plant material simply did not survive. 
While these average densities provide an interesting starting point for examining 
the samples by context type, it is clear that non-wood densities are quite variable. It has 
therefore been helpful to calculate the standard deviation of non-wood plant densities 
within each context type, rather than focusing on the calculated average densities, to 
understand this variation (Table 5.11). Context types with generally poor preservation, 
such as hearths and architectural collapse, have standard deviations ofless than 0.01. 
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Structure fills, on the other hand, possess a standard deviation of greater than 0.05 
indicating greater variability in density. 
Table 5.11 Densities of non-wood macrobotanical remains (seed) organized by context 
type (very low densities under 0.01 giL are italicized) with the standard deviation 
td£ h txt presen e or eac cone group. 
Context Structure Seed giL Standard 
~ Locus DescriQtion No. Deviation 
Hearth 717a Hearth Platform Contents 1 0.01 0.006 
717b Hearth Feature Contents 1 0.02 
732 Feature/Dump Contents 3 0.01 
Floor 715a Floor Surface Layers 1 0.01 0.014 
Surface 721 Floor Surface Layers 1 0.03 
Architect. 707 Roofmg/Wall Collapse 1 0.01 0 
710 Collapse/Midden 1 0.01 
Midden 713 Midden (Post-abandon.) 1 0.01 0.017 
718 Midden 1 0.04 
729 Midden (Post-abandon.) 3 0.01 
Structure 715b Burial Feature Fill 1 0.01- 0.051 
Fill 719 Sub-Floor Prep./Fill 2 0.04 
720 Burial Feature Fill 2 0.13 
790 Bin Fill 2 0.05 
Disturbed 702 Disturbed PPNA Material 1 0.01 --
Wood charcoal was abundant in the analyzed assemblages. The highest wood 
charcoal densities were found in locus 720 (1.60 giL), 790 (1.16 giL), 718 (0.82 giL), and 
721 (0.668 giL) (Fig. 5.19). Contexts identified by excavators as hearth features and ash 
deposits, such as 718 and 732, surprisingly did not contain high levels of wood charcoal. 
One would think these burned contexts would have not only better rates of botanical 
preservation but higher proportions of wood to non-wood charcoal. However, hearth/ash 
deposits here have only moderate to low preservation. Charcoal densities were even 
lower in contexts identified as architectural collapse and disturbed cultural fill. 
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Wood charcoal densities were then examined in detail by context type. It is 
apparent that wood charcoal densities follow nearly the same pattern as non~wood 
charcoal densities (Table 5.12). The context types with the highest density of wood is 
locus 720. One would not a priori assume that these contexts would contain large 
amounts of charcoal, as one could argue with hearth features. Instead, hearths contain an 
average of just 0.31 giL. Floor surfaces and middens both average higher densities of 
wood charcoal (0.429 giL and 0.498 giL respectively). The only context types that 
contain less wood charcoal are disturbed overburden and architectural collapse, neither of 
which yielded much charred plant material of any type. 
Table 5.12 Densities of wood charcoal remains organized by context type (very low 
densities under 0.01 giL are italicized) with the standard deviation presented for each 
context group. 
Context Structure Wood Standard 
~ Locus Descri:Qtion No. g& Deviation 
Hearth 717a Hearth Platform Contents 1 0.11 0.21 
717b Hearth Feature Contents 1 0.52 
732 Feature/Dump Contents 3 0.30 
Floor 715a Floor Surface Layers 1 0.34 0.23 
Surface 721 Floor Surface Layers 1 0.67 
Architect. 707 Roofing/Wall Collapse 1 0.14 0.04 
710 Collapse/Midden 1 0.20 
Midden 713 Midden (Post-abandon.) 1 0.28 0.33 
718 Midden 1 0.82 
729 Midden (Post-abandon.) 3 0.23 
Structure 715b Burial Feature Fill 1 0.52 0.55 
Fill 719 Sub-Floor Prep./Fill 2 0.45 
720 Burial Feature Fill 2 1.60 
790 Bin Fill 2 1.17 
Disturbed 702 Disturbed PPNA Material 1 0.06 --
In summary, the ratio and density calculations carried out for the PPNA 
macrobotanical assemblage at el-Hemmeh are quite telling. These analyses indicate that 
(1) seed:wood ratios are related to overall macrobotanical density levels. Therefore, loci 
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with higher densities of total charred remains (e.g., 719, 720, 790) typically also have 
higher relative percentages of non-wood remains. (2) Given the varying sizes of flotation 
samples, density calculations are necessary to compare loci and look for patterns. These 
calculations include the number of identified non-wood specimens per liter of floated 
sediment (NISP/L) as well as weight per liter of floated sediment (giL). These 
calculations indicate much higher levels of wood charcoal preservation than preservation 
of non-wood remains. (3) Seed and wood charcoal densities at el-Hemmeh are not 
directly related to context type. Densities, therefore, cannot be argued to reflect varying 
methods of context-specific depositional events. Instead, seed and wood densities more 
closely reflect post-depositional processes and levels of botanical preservation on a locus-
by-locus basis. 
5.4.6 Percentage Distribution 
Seven well-preserved contexts, each with at least 100 individual non-wood 
botanical specimens with a density of at least 4.00 NISP/L, were compared using their 
percentage composition. The contexts originated from two structures, Structure 1 and 
Structure 2, and include hearths, middens, burials, floor surfaces, and a bin feature. 
Percentage composition by plant taxa category is presented as pie charts distributed 
across a PPNA site map of el-Hemmeh (Figure 5.20). The "fruits and nuts" category, 
over-represented due to numerous fig pips per fruit and a high fragmentation rate for 
pistachio nutshell, was not included in the percentage calculations. Calculations that 
include the fruit and nut specimens are presented separately in Appendix C. 
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Figure 5.20 Pie charts denoting percentage composition of plant taxa categories, 
overlying the PPNA architectural plan of el-Hemmeh. 
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In comparing assemblages from the Structures 1 and 2, a number of patterns begin 
to emerge. Examination reveals that cereal grains dominate each of the assemblages. 
Within Structure 1, cereals range from 53-75% ofthe assemblage (with a 63.5% 
average), while in Structure 2 cereal grains represent between 78-80% ofthe assemblages 
(with a 79% average) (Figure 5.21 and 5.22). Cereal chaff is generally found in very low 
percentages between 1-7%. No single context contained large amounts of chaff above 
seven percent of the total assemblage. 
A distinct difference between the structures is the distribution oflarge/cultivated 
legumes including lentils and vetch. Within the four contexts originating from Structure 
1, the percentage oflarge/cultivated legumes ranges from 9-18% with an average of 
14.5%. Within the three contexts from Structure 2, the percentage oflarge/cultivated 
legumes is much smaller, ranging from 2-4% with an average of3.0%. 
Percentages of small legumes, wild grasses, and wild/weedy plant taxa also have 
relatively higher percentages in Structure 1 contexts than in Structure 2. The Structure 1 
assemblages contain percentages ranging from 11-16% (the three groups combined have 
an average of 13.3%), and assemblages from Structure 2 range from 13-14% (with an 
average of 13.7%). The highest percentage of wild grasses is found on the floor surfaces 
of Structure 1 in locus 715a (16%). The highest percentage of wild/weedy plant taxa 
(10%) is found deeper within Structure 1, in the midden-type deposits oflocus 718 
beneath the upper floor. Small legumes are found in very low percentages in all the 
contexts (0-3%). 
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Figure 5.21 Pie charts denoting percentage composition of plant taxa categories for the 
PPNA contexts from Structure 1. 
Within Structure 1, two unique types ofbotanical assemblages are present. The 
first contains high percentages of both large legumes and wild taxa, and characterizes 
both locus 715a and locus 718. Within these contexts, large/cultivated legumes account 
for 17-18% of the assemblage, the highest legume percentages found in the PPNA 
deposits. Small legumes, wild grasses, and wild/weedy taxa account for 24% and 18% of 
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the assemblages, higher than any of the other contexts. Cereals represent just 53% and 
57% of these assemblages. While locus 715a, a floor deposit, and 718, a midden deposit, 
have been characterized as different context types, their similar assemblage composition 
suggests similar depositional events within the interior of Structure 1. The wide variety of 
plant types present may reflect a number of activities, including crop processing (chaff= 
7-8% ), legume and cereal preparation and cooking, and the use and consumption/use of 
wild plants (8-10%). If the structure was only seasonally occupied (Makarewicz, personal 
communication), various wild plant taxa could also have been brought in by animals, 
insects and wind. Burning of these remains upon inhabitants' return to the structure could 
have resulted in their incorporation into the archaeobotanical record. 
Locus 717b, however, is quite different. This hearth/ash deposit within Structure 1 
contains a much higher percentage of cereal grains (75%) than either 715a and 718. The 
wild component ofthis assemblage (small legumes, wild grasses, and wild/weedy taxa) is 
much smaller. One might expect the hearth deposit to reflect a wide variety of remains 
potentially thrown into the fire during its use: plants used as sources of fuel, discarded 
crop processing debris, including chaff and field weeds, food remains charred during 
cooking, excess or spoiled food, and floor sweepings (Miller 1988). In other words- an 
assemblage more similar to the floor and midden discussed above. Instead, locus 717b 
contains a particularly high concentration of cereal grains. This could suggest that the 
hearth may have been a feature focused on the roasting, boiling, or cooking barley grains. 
Interestingly, the three contexts from Structure 2 all bear a striking resemblance to 
each other (Figure 5.22). Each contains a high percentage of cereals, with the highest 
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(80%) found within the bin feature, and a near absence oflarge legumes (2%). The small 
legumes, wild grasses, and wild/weedy taxa percentages remain very similar throughout 
the deposits (13-14%), a surprising find given the diversity of context types sampled 
within the structure. 
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Figure 5.22 Pie charts denoting percentage composition of plant taxa categories for the 
PPNA contexts from Structure 2. 
These results suggest that the 719 midden, 720 burial fill, and 790 bin feature do 
not represent in situ primary deposits. Instead, the three samples most closely resemble 
the percentages found in the 717b hearth/ash deposit of Structure 1, with a notable 
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exception of the large legume category. This resemblance could indicate that the 
Structure 2 deposits are also the remnants of hearth activity, deposited secondarily as 
structure fill during renovations of the structure. The lack of large legumes within these 
contexts is also intriguing, suggesting a significant chronological or spatial distinction 
between Structure 1 and Structure 2. 
5.5 Discussion 
The analysis of25 flotation samples analyzed from the Pre-Pottery Neolithic A 
deposits at el-Hemmeh have revealed a wealth of archaeobotanical information from 15 
varied archaeological contexts. These contexts were sampled from three circular PPNA 
structures and include deposits from architectural collapse, floor surfaces and sequences 
of flooring deposits, hearths and ash features, middens, human burial pits, and a pise bin 
feature. The vast majority of non-wood botanical remains (99.6%) were recovered in the 
light fraction during the flotation process, with only minimal amounts of charcoal 
identified in the heavy fraction. A total of3817 non-wood botanical specimens were 
identified. These specimens were categorized into 66 taxa and included carbonized seeds, 
cereal chaff, nutshell, fruit pits and fruit flesh, legume pod fragments, and other plant 
parts (e.g., wild grass bulbils, seed dispersal mechanisms, and siliceous exocarps), each 
identified to the family, genus, or species leveL 
An examination of the absolute counts and weights for the whole PPNA 
assemblage is quite telling and suggests a significant dietary reliance on cultivated plant 
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types, including barley, lentils, and vetch. These cultigens represent 59.2% of the total 
number of identified specimens (NISP). Barley grains (n=333) are the most numerous 
and have been subdivided into various categories based on grain size (i.e., wild, 
cultivated, and intermediate sizes). Nearly identical numbers of wild-type and cultivated-
type grains are present in the PPNA assemblage, indicating that barley fields may have 
mixed between the two plant types, or that stands of both wild and cultivated barley may 
have been independently harvested (White and Makarewicz 2011). Lentils are also 
present in high numbers (n=99), as are seeds of vetch/large-legume (n=82). These 
legumes may have been intensively collected in the wild or intentionally cultivated if 
seed dormancy was reduced, as has been argued at the PPNA sites of Jerf el-Ahmar and 
Netiv Hagdud (Weiss eta!. 2006). 
Wild plant species represent 40.8% of the total NISP at el-Hemmeh, and this 
number likely includes food sources as well as species incorporated into the 
archaeobotanical record through other means (e.g., fuel use, field weeds, dyes, medicines, 
construction materials, etc.). The largest numbers of wild plant types include the grains of 
wild grasses, particularly Phalaris spp., followed by Boraginaceae nutlets. While the 
latter are likely overrepresented due to the resilience of their siliceous exocarps, at least 
one Boraginaceae species (Arnebia decumbens) may have been intentionally collected 
and processed. For example, modem Bedouin in the Negev have traditionally created a 
red dye from the roots of the plant (Bailey and Danin 1981: 158). Relatively large 
numbers of plantain seeds were also found, although they could not be identified to the 
species level. A similar Plantago type has, however, been described by Colledge (2001: 
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156, 232) at the contemporary early Neolithic site of Wadi Jilat 7, and at least five 
plantain species are used in traditional medicinal treatment within Jordan (Oran and Al-
Eisawi 1998). Other frequently identified wild plants at el-Hemmeh include Astragalus 
seeds, as well as Erodium sp. seeds and spiral awns. The stork's bill plant is entirely 
edible, including the roots, and it serves as a popular source of springtime greens in 
Jordan along with mallow, Malva spp. (Bailey and Danin 1981; Al-Qura'n 2010). Among 
fruits and nuts, the most frequently recovered species are the pips of wild fig, Ficus 
carica, and the nutlets of Pistacia cf. atlantica. Fig fruits are edible and may be 
consumed fresh, dried, or roasted, while bitter Pistacia atlantica nutlets are often roasted 
(Kislev 1997: 210). 
Many identified seeds and nuts are highly fragmented, and this level of 
fragmentation has affected the fmal counts by inflating the number of specimens within a 
given taxon. Moreover, fragmentation rates are not equal amongst all taxa, and some that 
contain many fragments (such as Pistacia cf. altantica) are greatly overrepresented in the 
final counts. In order to take this into consideration, whole seed values have been 
calculated for 53 taxa using an averaged whole seed weight for each individual species. 
As was indicated by absolute counts, PPNA cultigens are the five most abundant taxa. 
Cereal grains and lentils have the highest whole seed numbers, followed by vetch. Within 
the cereal category, barley grains (n=119) far outnumber those of wild emmer wheat 
(n=2), suggesting that barley was the main cereal resource exploited at el-Henlineh. Wild 
plants with the highest whole seed numbers are the resilient exocarps ofBoraginaceae 
nutlets, followed by wild plant types that may have served as food or fuel, including 
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Pistacia and Astragalus. In the case of Astragalus, as well as numerous grass seeds of 
Phalaris and remains of Erodium, these genera are frequently found growing alongside 
stands of wild barley (van Zeist and Bakker-Heeres 1982). In addition to their potential 
consumption as food (excepting Phalaris), their presence on site may also be related to 
their inadvertent collection as the weeds of cultivated barley fields. 
Due to the fact that some identified seed types are far more fragmented than 
others, I decided to quantifY the levels of seed fragmentation within each taxon using a 
modified fragmentation index. Building on Colledge's index (1994) used in her analysis 
of early Neolithic assemblages, I determined the average number of identified fragments 
comprising the weight of a whole single seed. The highest fragmentation rates at el-
Hemrneh belong to Pistacia nutshell and cereal grains, and the fragments of both taxa are 
easily identified at low magnification. Other species with high fragmentation rates also 
contain readily observed diagnostic features that allow small pieces to be identified (e.g., 
Medicago radiata and Plantago sp.). It is clear that the fragmentation index is not, in 
fact, a reliable indicator of taxon-specific rates of fragmentation on-site. It is rather an 
indicator of the level at which the archaeobotanist was able to identifY individual seed 
and nut fragments. This is an essential component of the analysis because it provides a 
quantification of the identification levels for each taxon and acknowledges certain biases 
within the skills and methods of the archaeobotanist. 
In order to address the presence/absence values of plant types across the site 
without using absolute count data, a measurement known as ubiquity was used. This 
method is frequently employed by archaeobotanists (sensu Pearsall2000) and requires 
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relatively standardized sample sizes to ensure accurate results. At el-Hemmeh, seven rich 
contexts were included in the analysis, consisting of floor surfaces, hearths, middens, and 
a bin feature. All of the contexts contained specimens from each of the major plant 
categories: cereals, large legumes, small-seeded legumes, wild grasses, wild/weedy taxa, 
and fruits and nuts. Within these contexts, remarkably all contain cultivated-size grains 
and 71% contain ripped-scar barley rachis fragments indicative of threshing activities. 
Evidence of other processing activities, including ground cereal grains, is present in 86% 
of the samples. Lentils and vetch are found in generally lower numbers than cereals. 
Among the wild plants, Astragalus is found in 71% of the analyzed contexts and is the 
most ubiquitous small-seeded legume. Other wild taxa include Erodium, Plantago, 
Phalaris, and Poa bulbosa bulbils, all folmd in high frequencies (71 %). Fig seeds and 
Pistacia nutshell fragments are unsurprisingly found in 100% of samples. Many of the 
plant types with high 'whole seed counts' are also the most ubiquitous across these well-
preserved samples. 
During analysis of the samples, it became clear that wood charcoal was better 
represented than non-wood elements such as seeds and nuts. The majority of examined 
specimens were identified as charred wood, ranging from 98.2% to 56.5% of the total 
identified assemblage per sample (by weight). Two of the largest samples analyzed, the 
Structure 1 hearth 717b and the Structure 1 midden/floor series 721, both provide 
percentages of close to 90% wood charcoal. The contexts from Structure 2, including the 
burial pit and bin feature, contain some of the highest seed percentages (31-40%). These 
results suggest that the more fragile botanical elements may be better preserved in the 
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deposits from Structure 2 than those from Structures 1 or 3, perhaps as a result of being 
quickly covered following their deposition within the structure. 
In terms of absolute counts, the greatest numbers of identified seeds are found in 
loci 720 and 721. However, these results do not correspond with sample size: locus 721 is 
51 liters, while locus 720 is just nine liters. Other contexts vary between 1.5 and 28.5 
liters, and some- such as 715a, a sample of24liters- yielded very little in terms of 
botanical remains. In order to address the issue of variability between contexts, density 
ratios were employed to calculate the weight of non-wood botanical remains per liter of 
archaeological sediment. These data provide valuable information about the amount of 
charred material recovered from each context and allow standardized comparisons 
between contexts. The overall density of non-wood remains is highest in Structure 2, with 
0.13 0 giL recovered from locus 720, by far the highest density across the site. The other 
two contexts from Structure 2 also have relatively high densities, as well as loci 718 and 
721 (midden and floor deposits) from Structure 1. 
The ratio and density calculations carried out for the PPNA contexts indicate that 
seed:wood ratios are correlated with overall charcoal density levels. Contexts with higher 
densities ofwood also have higher relative percentages of non-wood remains. Density 
calculations confirm that seed and wood charcoal densities at el-Hemmeh are not directly 
related to specific context types and do not reflect context-specific depositional events. 
Instead, seed and wood densities appear to more closely reflect the effects of post-
depositional processes and levels of botanical preservation on a structure-by-structure 
basis. 
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Percentages distributions of non-wood plant remains were also computed for the 
PPNA contexts. Because poorly preserved samples may skew results, only contexts with 
at least 100 identified seed specimens are included. Within these seven contexts 
Structures 1 and 2, non-wood elements were divided into the following plant types: (1) 
cereal grains, (2) cereal chaff, (3) large/cultivated legumes, (4) small/wild legumes, (5) 
wild grasses, ( 6) wild/weedy plant taxa, (7) figs (predominantly) and other fruit types, 
and (8) Pistacia nutshell (predominantly) and other nut types. Due to the clear over-
representation of fig pips and Pistacia nutshell fragments in many of the samples, these 
were factored out in the second set of calculations but are presented in Appendix C. 
Two types ofbotanical assemblages are present in the analyzed samples from 
Structure 1. The first type contains high percentages of both large legumes and wild plant 
taxa, and is found within the floor deposit 715a and the midden 718. These contexts 
contain the greatest percentages oflarge/cultivated legumes across the site. Small 
legumes, wild grasses, and wild/weedy taxa are also found in larger numbers than in any 
other context. Cereals represent just over 50% of these assemblages. While loci 715a and 
718 have been characterized as distinct context types, their comparable assemblages 
suggest a similar suite of depositional events. Their botanical composition may reflect a 
number of activities that took place during the occupation of Structure 1, including 
legume and cereal cooking, as well as the use and consumption of wild plants. However, 
Makarewicz has raised the question of a seasonal occupation of the structure and repeated 
cycles of inhabitation and temporary disuse (2010: 31). Seasonal occupation is 
corroborated by preliminary :fmdings from the analysis of the PPNA microvertebrate 
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assemblage: within locus 718, a lack of commensal species and a predominance of wild 
jirds, small amphibia, and small birds suggest a hiatus in human habitation (M. Belmaker, 
personal communication 2011). It is thus possible that various wild plant taxa may have 
been brought into the structure by animals, insects, and wind. Cleaning activities, 
including the burning of floor debris upon human inhabitants' return to Structure 1, could 
have resulted in their incorporation into the archaeobotanical record. However, no 
evidence for in situ floor burning events currently exists within the PPNA structures. 
The botanical assemblage from the hearth/ash deposit within Structure 1 (locus 
717b ), however, is quite different. This hearth context contains a much higher percentage 
of cereal grains (75%) than either 715a or 718. The wild component of the assemblage 
(small legumes, wild grasses, and wild/weedy taxa) is present in much lower numbers. It 
was expected that the hearth would contain a wide variety of botanical remains discarded 
in the fire: plants used as sources of fuel, crop processing debris (including chaff and 
field weeds), food remains charred during cooking, and sweepings from house cleaning 
(Miller 1988). In other words- an assemblage more similar to the floor and midden 
discussed above. Instead, locus 717b contains a particularly high concentration of 'clean' 
cereal grains with only low amounts of chaff (5%). This situation suggests that the hearth 
deposit may have been a location where the roasting, boiling, or cooking of cereal grains 
took place. 
The composition of the assemblages within Structures 1 and 2 demonstrate a 
significant difference between the two structures, with the deposits of Structure 2 
indicating a high percentage of cereals and very low amounts oflarge legumes. 
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Interestingly, the three loci of Structure 2 all bear a striking resemblance to each other 
despite their distinct contextual designations (i.e., burial pit, midden, bin feature). Each 
contains a very high percentage of cereals (78- 80% ), and a near absence of large 
legumes (2-4%). The small legumes, wild grasses, and wild/weedy taxa percentages 
remain very similar throughout the deposits (13-14%), a surprising find given the 
diversity of sampled contexts within the structure. These results suggest that the sampled 
contexts are not in situ deposits. Instead, the three samples most closely resemble the 
assemblage found in the 717b hearth/ash deposit of Structure 1, with a notable exception 
of the large legume category. This resemblance may indicate that the Structure 2 deposits 
may also be composed of discarded hearth cleanings deposited secondarily as midden fill, 
structure fill, and bin fill during the occupation and renovation of the structure. 
The significant decrease in large legumes is puzzling. Why do the deposits within 
Structure 2 exhibit such low percentages of cultivated/collected lentils and vetch when 
compared with Structure 1? A likely explanation is the varied location of plant processing 
areas, storage facilities, and meal cooking on-site. It is likely that the focus of activity 
within (and prior to the construction of) Structure 2 was that of cereal processing and 
cooking, notably barley, to the near exclusion of large legumes. Alternatively, the 
differences between the assemblages of Structure 1 and 2 could indicate a slightly later 
occupation of Structure 2, during which time a decreased emphasis on the cultivation and 
collection of legumes occurred. Makarewicz has noted several phases of early PPN 
occupation at el-Hemmeh,,with Structure 2 displaying a potentially later style of 
architecture than Structure 1 (Makarewicz 2010: Makarewicz and Rose 2011). 
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Microstratigraphic analysis of sediments from Structure 2 and radiocarbon dating of 
seeds from both structures should clear up this chronological question in the near future 
and further identify the contemporanity of analyzed deposits within Structure 2. At other 
late PPNA sites in the southern Levant, lentils and vetch remain an integral and well-
represented component ofthe human diet well into the early PPNB (Colledge 1994; 
Edwards et al. 2004). 
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Chapter 6. The Late PPNB Macro botanical Assemblage 
6.1 Introduction 
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In this chapter the carbonized macro botanical remains analyzed from the Late 
PPNB contexts at el-Hemmeh are presented and discussed. First an overview ofthe 
botanical assemblage is provided with a short explanation of the basic taxa categories 
( 6. 2 Overview of the Assemblage). A description of each archaeological context details 
the type of sediment encountered, relationship to surrounding contexts, and 
interpretations ofthe excavators (6.3 Contextual Summaries). Following each context 
description is a presentation of the plant remains identified during the analysis of 
flotation samples and a discussion of the botanical assemblage composition. In section 
6. 4 Data Analysis, the Late PPNB dataset is examined on a context-by-context basis 
through the analysis of absolute counts, ubiquity, comparison ratios and wood 
fragmentation indices, density calculations, and percentage distributions. These results 
are then summarized and discussed in the final discussion section, paying particular 
attention to assemblage composition, potential modes of deposition, and issues of 
preservation. 
6.2 Overview of the Assemblage 
Samples were analyzed from 32 distinct contexts across the site from a variety of 
architectural features and their interior deposits (e.g., hearths, bins, floor surfaces, 
subterranean channels, middens, etc.) (Figure 6.1, Table 6.1). A total of 55 flotation 
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Figure 6.1 The distribution of 32 loci (denoted by boxes) analyzed from the Late PPNB 
archaeological spaces (in bold) at el-Hemmeh. Loci without spatial designations are 
noted at the right (in bracket). 
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Table 6.1 Context information for 32 analyzed Late PPNB loci, arranged by context type. 
Deposition classes reflect in situ activity deposits (Class A); re-deposited primary refuse 
(Class B); and archaeobotanical "background noise" (Class C) (sensu Fuller 2008: 189). 
Locus designations indicate the potential mixing of sediments with varying depositional 
histories within each locus. 
DeQosition 
Context Type Locus Description Space No. Class Locus Designation 
Hearth 305 Hearth Feature Contents n/a A Primary 
455 Hearth Feature Contents 33 A Primary 
479/481 Hearth Feature Contents 12 A Primary 
Floor Smface 141 Floor Smface/Architectural Collapse 448E/224N B Primary/Secondary 
333 Stone Smface/Platform n/a B Secondary 
464 Floor Surface/Midden 23 B Primary/Secondary 
470 Floor Surface/Hearth Border 33 B Primary/Secondary 
560 Floor Surface/Midden 32 B Primary/Secondary 
562 Packed Earth Floor 20 A Primary 
1001 Floor Surface 16 A Primary 
Midden 456 Midden 33 B Secondary 
461 Midden 33 B Secondary 
485 Midden/Architectural Collapse 20 B Secondary 
555 Midden (Cereal store) 23 B Secondary 
Structure Fill 145 Subterranean Bin Feature Fill 448E/224N c Secondary/Tertiary 
353 Structure Fill 12 c Secondary/Tertiary 
378 Structure Fill 16 c Secondary/Tertiary 
408 Bin Feature Fill 17 c Secondary/Tertiary 
410 Bin Feature Fill (Burial) 17 c Secondary/Tertiary 
422 Structure Fill 14 c Secondary/Tertiary 
487 Structure Fill/Architectural Collapse 21 c Secondary IT ertiary 
489 Structure Fill/Architectural Collapse 30 c Secondary IT eritary 
491 Structure Fill 21 c Secondary IT ertiary 
492 Sub-Floor Preparation/Midden 17 c Secondary/Tertiary 
508 Bin Feature Fill 31 c Secondary/Tertiary 
513 "Cistern" Feature Fill 23 c Secondary/Tertiary 
518/530 Sub-Floor Preparation 23 c Secondary/Tertiary 
527 Structure Fill/Midden 27 c Secondary/Tertiary 
553 Sub-Floor Preparation 21 c Secondary/Tertiary 
1000 Structure Fill 16 c Secondary/Tertiary 
Channel 506 Sub-Floor Channel Contents 12 c Tertiary 
563 Sub-Floor Channel Contents 20 c Tertiary 
samples and 20 dry sieved samples were analyzed from the Late PPNB deposits at el-
Hemmeh representing 356 liters of archaeological sediment (Tables 6.2-6.4). A total of 
4,810 non-wood macrobotanical specimens weighing 3.62 g were identified during 
microscopic analysis. A number of taxa categories were created to examine the plant 
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remains, similar to those employed for the PPNA deposits discussed in Chapter 5. These 
categories consist of cereal grains, cereal chaff, large-seeded legumes, small-seeded 
legumes, wild grasses, wild/weedy taxa, and fruits and nuts. 
Table 6.2 Relative percentages of the plant taxa categories present in the Late PPNB seed 
assemblage. Percentages are calculated by both number of identified specimens (NISP) 
and weight. 
NISP Seed Assemblage Weight Seed Assemblage 
(% byNISP) (g) (% bywt.) 
Cereal Grains 1517 31.5 1.508 41.6 
Cereal Chaff 540 11.2 0.294 8.1 
Large Legumes 157 3.3 0.420 11.6 
Small Legumes 1263 26.3 0.680 18.8 
Wild Grasses 127 2.6 0.098 2.7 
Wild/Weedy 173 3.6 0.208 5.7 
Fruits and Nuts 1033 21.5 0.415 11.5 
Totals: 4810 100% 3.623 100% 
6.2.1 Cereals 
The cereals category includes Poaceae species that were cultivated during the 
Late PPNB, primarily a two-row barley, Hordeum spontaneum/distichum, and emmer 
wheat, Triticum dicocccum (Schrank). These cereal types are evidenced at el-Hemmeh by 
both changes in seed morphology (large, plump grains) and an increase in domestic type 
rachis scars (rough nodes, often with a portion of the adjoining rachis still adhering). 
Unlike the PPNA assemblage, large amounts of small open-furrowed wild barley grains 
are not found in the Late PPNB assemblage, and the 117 identified grains belong to a 
large-grained cultivated type. This type is referred to as Hordeum spontaneum/distichum 
because plump cultivated-size grains can also occur in wild populations as part of the pre-
domestication cultivation syndrome (Puruggan and Fuller 2009; Harlan et al. 1973). 
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Furthermore, equal numbers of wild and domestic type barley spikelet forks were 
identified in the Late PPNB assemblage (22 of each). The equal numbers of wild and 
domestic spikelet forks, coupled with large plump grains, suggest that a partially wild, 
partially domestic barley population(s) may have been intensively cultivated. 
Processed cereal grains are also abundant in the Late PPNB assemblage from el-
Hemmeh (n=255). These grains display a diagonal or stepped break with protruding 
endosperm indicating that fragmentation occurred prior to carbonization. Processed 
grains comprise approximately 16.8% ofthe total Late PPNB cereal grain assemblage, 
indicating the presence of grain-grinding activities. Other cereal remains with evidence of 
processing are barley and wheat rachis internodes with a ripped-scar morphology (n=48). 
The missing scar and torn ventral surface of the ripped-scar rachis internode does not 
occur naturally in the wild as part of the dehiscence process. This particular morphology 
is a product of human intervention, whether through threshing (Wbite and Makarewicz 
2011) or dehusking activities (Tanno and Willcox 2012). Ripped-scar specimens 
represent 31.6% of the Late PPNB cereal chaff assemblage, suggesting that cereal 
processing activities were a frequent task carried out at the site of el-Hemmeh. 
6.2.2 Large Legumes 
The large legume category includes legume species that were most likely 
cultivated during the late PPNB in central and southern Jordan, namely Lens 
orientalis/culinaris, Vicia ervilia (L.) Willd., and possibly other Vicia species. The lentil 
is cautiously referred to as L. orientalis/culinaris because seeds range in diameter from 2 
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mm to 3 mm in the el-Hemmeh assemblage and may belong to either a wild or cultivated 
species. These specimens fall into the same size range as those described from the 
concentrated stores oflentils found at PPNB sites such as Basta, 'Ain Ghazal, and 
Yiftahel (Neef2004a; Rollefson et al. 1985; Garinkel et al. 1988), although no lentil 
storage features were identified at el-Hemmeh to suggest intensive cultivation. In total, 
3 8 specimens were identified as lentils compared to just 16 belonging to the Vi cia genus. 
As with lentils, designation of a domestic type morphology for Late PPNB bitter vetch, 
Vi cia ervilia, is difficult due to the variation in seed size and presence of similar wild 
vetch species in the area (Neef2004: 207). Butler (1989, 1998) has argued that the 
identification of cultivated legumes may be possible based on the microscopic analysis of 
surface features of the seed testa. However, the poor preservation of large legumes at el-
Hemmeh has led to the frequent absence of diagnostic markers, including seed testa and 
intact hilum features. Over 61.1% of the legume fragments in this category (96 specimens 
out of 157 total) could not be identified to the genus leveL As such, they are referred to as 
either large-seeded (>2 mm) or medium-seeded(> 1 mm) legume fragments. A single 
possible chickpea, cf. Cicer, was encountered in one of the later PPNC contexts at el-
Hemmeh (locus 333). While multiple chickpeas have been recovered from PPNB 
deposits at 'Ain Ghazal to the north (Rollefson et al. 1985), the el-Hemmeh specimen has 
a smaller diameter than the 'Ain Ghazal seeds and may therefore represent a wild species. 
6.2.3 Small-Seeded Legumes 
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After cereal grains, small-seeded legumes represent the largest plant taxa category 
encountered in the Late PPNB deposits at el-Hemmeh. This group is technically a sub-
category of the wild/weedy taxa group, but the distinct patterns visible in the small-
seeded legume data make the separate analysis of this sub-category necessary. A total of 
1,263 specimens were identified as small-seeded legumes, a surprising quantity given 
their low numbers in the earlier PPNA assemblage where just 62 specimens were 
identified. In fact, wild small-seeded legumes represent over 26.3% of the total Late 
PPNB seed assemblage, more than wild grasses and other wild/weedy taxa combined. 
The small legume category includes a number of genera, most notably Astragalus, 
Melilotus, and Trigonella types. It is important to remember that this taxa category is 
artificially constructed by the analyst, and the taxa within this group may have arrived 
on-site through various modes of deposition. Some, such as the Trigonella specimens, 
could have been collected for human consumption (Colledge 2001: 90; Al-Qura'n 201 0). 
These seeds may have been discarded as field weeds following crop-processing activities 
(de Moulins 1997) or could have been used as a source of fuel (van Zeist and Bakker-
Heeres 1982: 234). 
Another possibility is that the small-seeded legumes at el-Hemmeh could have 
become part of the archaeobotanical assemblage through the burning of caprine dung. It 
is during the Late PPNB that communities such as el-Hemmeh began to intensively 
manage herds of domestic goats and sheep (Makarewicz in press; Makarewicz and 
Tuross 2009) and use their dung as a fuel source (Neef 1990). Crop weeds, such as small 
legumes, are often grazed in the field by caprines after the cereal harvests in Jordan and 
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may be provided as fodder during the winter months. Small legume seeds may survive 
intact within the excreted dung pellets of sheep/goats and become charred through the use 
of dung fuel (Miller and Smart 1984). Carbonized dung fragments (n=12) have been 
identified from six contexts at el-Hemmeh, and some dung specimens possess visible 
plant material and preserved seeds. Unfortunately, few primary hearth contexts were 
encountered during excavation, and the dung fragments and small legumes appear to be 
primarily concentrated in secondary midden/fill deposits. 
It may be that caprine dung pellets were charred through the burning of 
stabling/penning deposits near the site. No evidence of stables or pens has been found at 
el-Hemmeh or any other Late PPNB site, although this dearth of evidence may reflect 
more of a bias in excavation strategy than a true absence of these features. The dung-rich 
sediment accumulated in potential penning areas could have been re-deposited within 
architectural spaces on-site when remodeling activities required the infilling of areas with 
midden/fill debris. Spaces at el-Hemmeh were frequently infilled with re-deposited 
sediments, as were other contemporary sites in the region (Makarewicz 2010; Gebel 
2006). At the Late PPNB site ofBa'ja, for example, architectural spaces are referred to as 
"rising-floor structures" due to the intentional raising of floors during each remodeling 
event (Gebel2006: 66). If animal dung was indeed the origin for some of the small-
seeded legumes found at el-Hemmeh, it is important to remember that the 
archaeobotanical record reflects not only human diet and food-related activities but the 
local diets of managed caprine populations as welL 
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6.2.4 Wild Grasses 
The fourth main category of plant taxa encompasses a variety of genera belonging 
to the Poaceae family. It is likely that that these wild taxa are representative of field 
weeds either discarded as crop processing bypro ducts or through the deposition of 
charred caprine dung. A total of 127 specimens were identified as wild grasses, most of 
which are grain fragments (n=112). The most abundant types are Lolium (n=18), small-
grained Phalaris (n=11), and Bromus (n=5). Each is commonly found as a weed in Near 
Eastern cereal fields (van Zeist and Bakker-Heeres 1982: 241). Two likely species of 
brome grass, Bromus cf. danthoniae and B. cf. sterilis, were identified in the Late PPNB 
samples, although these are tentative identifications given the level of variation in gr~ 
shape and size within this genus. Also recovered are chaff fragments (n=l5) from wild 
grasses, most of which are spikelet forks and indeterminate culm node fragments. Small 
numbers ofbothAegilops andAvena/Eremopyrum chaffwere encountered as well (n=3). 
6.2.5 Wild!W eedy Taxa 
The wild/weedy category contains the greatest number of taxa with 32 various 
types of charred seeds, silicified exocarps, and seed capsules. These taxa represent just 
3.6% of the total assemblage of identified non-wood specimens despite the many types of 
wild plants included (n=l73). The ways in which they may have been utilized are 
numerous: as foods, spices, and medicines, as construction materials and 
matting/basketry, as dyes and oils, hearth fuel, etc. Some wild taxa may also have been 
unintentionally brought onto the site and incorporated into the archaeobotanicai record as 
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weeds of cultivated fields, elements of caprine dung, and through the localized activities 
of rodents and insects (i.e., harvester ants). The most :frequently recovered wild plant 
specimens are Lithospermum tenuijlorum-type "nutlets", technically silicified exocarps 
belonging to the borage family. These are found in low numbers throughout most of the 
analyzed contexts and are a common component of steep and field vegetation. Another 
:frequent wild taxon is cf. Ornithogalum, a member of the lily family possessing 
irregularly-shaped seeds with a reticulated surface pattern (van Zeist and Bakker-Heeres 
(1982: 227-228). At least 11 species belonging to this genus are present in modem-day 
Jordan and Israel, so further identification is difficult. Samples from archaeological 
contexts at el-Hemmeh containing cf. Ornithogalum seeds :frequently possess fragments 
of charred dung (5 of 11 contexts). This could suggest that Ornithogalum may have been 
brought onto the site as a seed component of caprine dung. 
Other wild taxa include Glaucium cf. corniculatum (n=7), Heliotropium (n= 1 0), 
and small-seeded Helianthemum (n=11). All three taxa are components of steppe/desert 
vegetation in the region (Colledge 2001: 81-83). Two distinct species of Malva are 
present (n=9), a common weed of cereal fields and a :frequently-consumed springtime 
green. In addition, 25 specimens belonging to a Brassicaceae species were identified in a 
single bin deposit from el-Hemmeh (locus 145), raising the question of whether these 
seeds might have been stored within the feature. Many other taxa appear in only one or 
two contexts and are present in very low numbers. These include Anthemis (n=6), 
Fumaria spp. (n=3), Galium spp. (n=2), cf. Peganum harmala (n=4), and Plantago 
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(n=3), many of which are present in cultivated fields and other soils disturbed through 
human activity. 
6.2.6 Fruits and Nuts 
The final category of analyzed plant remains consists of various fruit types and 
nut specimens. A total of 103 3 identified specimens were recorded representing 21.5% of 
the total Late PPNB non-wood assemblage. By weight (g), however, the fruit and nut 
group is just 11.5% of the total assemblage. Two of the most abundant taxa in this 
category, the edible fruits of Ficus carica (n=592) and nuts of Pistacia cf. atlantica 
(n=424), are likely over-represented by NISP. Over-representation is due both to the high 
number of drupelets produced within a single fig fruit and the high degree of 
fragmentation found in pistachio nutshell, with only a single specimen found whole. 
Furthermore, these taxa are nearly ubiquitous across the Late PPNB site. Fig evidence is 
not limited to individual pips, however. Twenty charred pieces of fruit flesh and skin 
have also been recovered, some with fig pips attached. As in the PPNA assemblage, all 
pips appear to be fertile and of a wild non-parthenocarpic type. Also included in this 
category are two unknown nut types, including 15 fragments of a nutshell with a slightly 
striated interior and a single fragment of nutshell with adhering flesh, as well as a 
specimen tentatively identified as part of an unidentified fruit pit. 
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Locus 141 145 305 333 
Space/ Unit Number 448E/224N 448E/224N n/a n/a 
Context Type Floor Surface Structure Fill Hearth Floor Surface 
Volume of sediment floated (L) 17.0 21.0 5.5 12.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneum/distichum grn 2 0.007 32 0.053 13 0.026 
Hordeum distichum domestic rachis 5 0.003 
Hordeum svontaneum wild rachis 3 0.002 
Hordeum sp. ripped-scar spikelet fork 
Hordeum sp. indet spikelet fork 4 0.002 
Triticum dicoccum grn 7 0.014 10 0.017 
Triticum dicoccoides gm 
Triticum dicoccum/monococcum gm 
Triticum dicoccum domestic spikelet 
fork 2 0.003 12 0.010 
Triticum dicoccoides wild spikelet fork 1 0.001 
Triticum monococcumdomestic fork 
Triticum SP. ripped-scar spikelet fork 6 0.006 
Triticum sp. terminal spikelet 3 0.002 
Triticum sp. indet spikelet fork 11 0.008 
Triticum sp. glume base 31 0.013 
Triticum sp. glume frags 36 0.011 10 0.003 
Cerealia indet grn frags 77 0.062 73 0.021 
Processed/ground grain frags 19 0.014 
Total cereal grains and fra2:s 2 0.007 135 0.143 0 0.000 96 0.064 
Total chaff 2 0.003 112 0.058 0 0.000 10 0.003 
Lar2:e Le2:umes 
Lens orientalislculinaris 5 0.011 1 0.003 
cf.Lens 
Vicia ervilia 
Vicia sp. 4 0.013 1 0.004 
cf. Cicer 1 0.003 
Large-seeded legume indet 2 0.007 
Medium-seeded legume indet 13 0.019 12 0.026 
Total lar2:e le2:umes 0 0.000 24 0.050 0 0.000 15 0.036 
Small-Seeded Le2:umes 
Astrazalus sp. 1 0.001 
Coronilla 1 0.001 
Medicazo radiata 
Medicazo sp. 2 0.002 
Melilotus sp. 
Onobrvchis seed 3 0.003 
Onobrychis exoskeleton frag 8 0.006 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains. 
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Locus 141 145 305 333 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorrmrius sp. 1 0.001 
Tri;<onella astroites 
Tri;<onella sp. 
Trifolium sp. 1 0.001 7 0.007 
Small-seeded legume indet frags 3 0.003 93 0.032 1 0.001 
Total small-seeded legumes 4 0.004 116 0.053 0 0.000 1 0.001 
Wild Grasses 
c£ Aegilops base 
Avena-type gm 
Avena/Eremopyrum awn 
Bromus sterilis-type gm 
Bromus danthoniae-type gm 
Lolium sp. gm 6 0.008 9 0.011 
Phalaris sp. gm 3 0.004 
Poa bulbosa bulbi! 
Stipasp. gm 
Poaceae embryo 
Poaceae spikelet fork 1 0.001 
Poaceae culm node 1 0.001 
Poaceae indet gm frags 14 0.008 
Total wild Poaceae grains and frags 9 0.012 23 0.019 0 0.000 0 0.000 
Total wild Poaceae chaff 1 0.001 1 0.001 0 0.000 0 0.000 
Wild!W eedy Taxa 
Adonis sp. small-type 
Aiu;<a c£ chia 
Aizoon hispanicum 
Anthemis sp. 
Aphanessp. 1 0.002 
Asteraceae-type 
Brassicaceae 25 0.009 
Chenopodiaceae 
c£ Coriander 
Cyperaceae 
Erodium sp. 
Fumaria cf. densjf!ora 
Fumariasp. 1 0.002 
Galium sp.large-type 
Galium sp. small-type 
Glaucium c£ comicu!atum 
Helianthemum sp. 
Heliotropium sp. 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued) 
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Locus 141 145 305 333 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Liliaceae-type 
Lithospermum tenu!florum-type 4 0.005 
Malva cf. parviflora 
Malva sp. with pericarr; 
Malva sp. small-type 1 0.001 
cf. OrnithoJ<alum sp. 
cf. Pef[anum harmala seed 
cf. Pe:;<anum harmala seed capsule 
Plantago sp. 
cf. Plantago 
Salsola sp. 
cf. Scirpus 
Solanaceae-type 
Total wild seeds and plant parts 1 0.002 30 0.015 0 0.000 1 0.002 
Fruits and Nuts 
Ficus carica drupelet 35 0.015 
Ficus carica fruit flesh 
cf. Ficus carica fruit skin 
Pistacia cf. atlantica whole nutlets 
Pistacia sp. nutshell frags 71 0.014· 6 0.002 
Unidentified nutshell 
Unidentified nutshe112 with fruit flesh 
Unidentified fruit pit frag (striated) 1 0.002 
Total pips, nutshell, and fruit parts 0 0.000 107 0.031 0 0.000 6 0.002 
Dung (>2mm frag, non-rodent) 
Dung (<2mm whole, rodent-type) 
Total number ofiD items and wt. (g) 19 0.029 548 0.370 0 0.000 129 0.108 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 353 378 408 410 
Space/ Unit Number 12 16 17 17 
Context Type Structure Fill Structure Fill Structure Fill Structure Fill 
Volume of sediment floated (L) 17.0 14.0 13.0 13.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneum/distichum gm 17 0.030 3 0.011 3 0.009 3 0.005 
Hordeum distichum domestic rachis 7 0.005 2 0.002 
Hordeum spontaneum wild rachis 1 0.001 1 0.001 1 0.001 
Hordeum sp. ripped-scar spikelet fork 1 0.001 
Hordeum sp. indet spikelet fork 3 0.001 1 0.001 1 0.001 
Triticum dicoccum gm 17 0.033 2 0.005 7 0.046 
Triticum dicoccoides gm 1 0.002 
Triticum dicoccum/monococcum gm 1 0.002 
Triticum dicoccum domestic spikelet 
fork 13 0.008 1 0.001 
Triticum dicoccoides wild spikelet fork 1 0.001 
Triticum monococcumdomestic fork 
Triticum sp. ripped-scar spikelet fork 4 0.004 3 0.002 
Triticum sp. terminal spikelet 4 0.003 2 0.001 1 0.001 
Triticum sp. indet spikelet fork 15 0.009 
Triticum sp. glume base 24 0.010 5 0.002 4 0.002 2 0.001 
Triticum sp. glume frags 29 0.009 4 0.002 3 0.001 1 0.001 
Cerealia indet gm frags 6 0.007 28 0.007 12 0.013 5 0.007 
Processed/ground grain frags 4 0.003 6 0.002 2 0.002 
Total cereal grains and frags 46 0.077 33 0.023 28 0.070 10 0.014 
Total chaff 100 0.050 17 0.011 11 0.006 6 0.005 
Large Legumes 
Lens orientalislculinaris 2 0.009 1 0.003 1 0.005 1 0.002 
cf.Lens 
Vicia ervilia 1 0.004 1 0.004 
Vicia sp. 
cf. Cicer 
Large-seeded legume indet 3 0.007 5 0.022 2 0.007 1 0.003 
Medium-seeded legume indet 5 0.017 
Total large legumes 6 0.020 12 0.046 3 0.012 2 0.005 
Small-Seeded Legumes 
Astraf{alus sp. 10 0.008 4 0.002 5 0.003 
Coroni!la 
Medicaf{o radiata 1 0.001 
Medicago sp. 1 0.001 
Melilotus sp. 1 0.001 12 0.008 5 0.003 3 0.002 
Onobrychis seed 1 0.001 
Onobrychis exoskeleton frag 1 0.001 1 0.001 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 353 378 408 4IO 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 1 0.001 
Trigonella astroites 1 0.001 
Trizonella sp. 1 0.001 1 0.001 
Trifolium sp. 1 0.001 
Small-seeded legume indet frags 1 0.001 60 0.019 5 0.003 11 0.003 
Total small-seeded legumes 5 0.005 83 0.036 I8 O.OI2 2I O.OIO 
Wild Grasses 
cf. AeziloJJs base 
Avena-type grn 
Avena!EremoJ)yrum awn 1 O.OOI 
Bromus sterilis-type grn 1 0.001 
Bromus danthoniae-type gm 
Lolium sp. grn I 0.002 
Phalaris sp. grn I 0.001 1 0.001 1 O.OOI 
Poa bulbosa bulbi! 
StiJJa sp. grn 1 0.002 
Poaceae embryo 
Poaceae spikelet fork 2 0.001 
Poaceae culm node 1 0.001 1 O.OOI 
Poaceae indet grn :frags 2 0.001 
Total wild Poaceae grains and frags 5 0.006 I O.OOI I 0.001 I O.OOI 
Total wild Poaceae chaff 2 0.002 3 0.002 0 0.000 0 0.000 
Wild/Weedy Taxa 
Adonis sp. small-type I 0.002 
.AJuza c£ chia 
Aizoon hisJJanicum 
Anthem is sp. 4 0.002 
Aphanes sp. I 0.002 
Asteraceae-type 1 O.OOI 3 0.002 
Brassicaceae 
Chenopodiaceae 
cf. Coriander 
Cyperaceae 
Erodium sp. 
Fumaria cf. densiflora 1 0.002 
Fumariasp. 
Galium sp. large-type 
Galium sp. small-type 
Glaucium c£ corniculatum 2 O.OOI 1 0.001 
Helianthemum sp. 2 O.OOI 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 353 378 408 410 
Ct Wt. Ct Wt. Ct Wt Ct Wt 
Heliotropium so. 
Liliaceae-tvve 
Lithospermum tenuiflorum-type 2 0.003 1 0.001 
Malva cf parvtflora 
Malva sp. with pericarp 1 0.001 
Malva sp. small-type 
cf Omitho~;alum sn. 1 0.001 
cf. Peganum hanna/a seed 
cf. Peganum harmala seed capsule 
Planta~;o sp. 1 0.001 
cf. Plantago 
Salsolasp. 
cf. Scirpus 
Solanaceae-type 1 0.001 
Total wild seeds and plant parts 5 0.004 11 0.010 4 0.004 3 0.004 
Fruits and Nuts 
Ficus carica drupelet 57 0.009 103 0.021 11 0.003 7 0.002 
Ficus carica fruit flesh 3 0.018 
cf. Ficus carica fruit skin 
Pistacia cf. atlantica whole nutlets 
Pistacia sp. nutshell frags 86 0.027 42 0.012 5 0.004 11 0.002 
Unidentified nutshell 2 0.001 1 0.001 1 0.002 
Unidentified nutshell 2 with fruit flesh 
Unidentified fruit pit :frag (striated) 
Total pips, nutshell, and fruit parts 145 0.037 149 0.052 16 0.007 19 0.006 
Dung (>2mm frag, non-rodent) 
Dung (<2mm whole, rodent-type) 
Total number ofiD items and wt (g) 314 0.201 309 0.181 81 0.112 62 0.045 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 422 455 461 464 
Space/ Unit Number 14 33 33 23 
Context Type Structure Fill Hearth Midden Floor Surface 
Volume of sediment floated (L) 12.0 0.5 12.0 5.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneum/distichum grn 1 0.004 2 0.007 3 0.012 
Hordeum distichum domestic rachis 1 0.001 
Hordeum spontaneum wild rachis 1 0.001 1 0.001 
Hordeum sp. ripped-scar spikelet fork 1 0.002 
Hordeum sp. indet spikelet fork 1 0.001 
Triticum dicoccum grn 1 0.004 3 0.009 
Triticum dicoccoides gm 
Triticum dicoccum!monococcum gm 
Triticum dicoccum domestic spikelet fork 2 0.002 2 0.002 3 0.003 
Triticum dicoccoides wild spikelet fork 
Triticum monococcumdomestic fork 
Triticum sp. ripped-scar spikelet fork 3 0.002 1 0.001 
Triticum sp. terminal spikelet 
Triticum sp. indet spikelet fork 1 0.001 
Triticum sp. glume base 5 0.002 3 0.003 7 0.002 
Triticum sp. glume frags 3 0.001 2 0.001 
Cerealia indet gm frags 20 0.033 2 0.005 19 0.012 33 0.035 
Processed/ground grain frags 3 0.002 1 0.001 12 0.006 
Total cereal grains and frags 25 0.043 2 0.005 22 0.020 51 0.062 
Total chaff 13 0.009 5 0.005 6 0.005 13 0.007 
Large Legumes 
Lens orientalis/culinaris 4 0.007 2 0.011 2 0.004 
cf.Lens 
Vicia ervilia 
Vicia sp. 2 0.009 1 0.003 
cf. Cicer 
Large-seeded legume indet 1 0.004 
Medium-seeded legume indet 3 0.004 3 0.006 
Total large legumes 10 0.024 2 0.011 3 0.006 3 0.007 
Small-Seeded Legumes 
Astra}fa/us sp. 12 0.006 4 0.002 
Coronilla 2 0.003 
Medica}<o radiata 1 0.001 
Medicago sp. 3 0.016 
Melilotus sp. 11 0.006 
Onobrychis seed 
Onobrvchis exoskeleton frag 2 0.002 2 0.001 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 422 455 461 464 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 
Tri:;;onella astroites 
Trigonella so. 
Trifolium so. 
Small-seeded legume indet frags 42 O.D18 2 0.002 9 0.003 4 O.OOI 
Total small-seeded legumes 69 0.035 5 0.018 15 0.006 5 0.002 
Wild Grasses 
cf Ae:;;ilops base 
Avena-type grn 
Avena!Eremopyrum awn 
Bromus sterilis-type grn 2 0.002 
Bromus danthoniae-type gm 
Lolium sp. gm 
Phalaris sp. gm 
Poa bulbosa bulbi! 
Stipasp. gm 
Poaceae embryo I 0.001 
Poaceae spikelet fork 
Poaceae culm node 
Poaceae indet gm frags I O.OOI 5 0.002 
Total wild Poaceae grains and frags 1 0.001 0 0.000 8 0.005 0 0.000 
Total wild Poaceae chaff 0 0.000 0 0.000 0 0.000 0 0.000 
Wild!W eedy Taxa 
Adonis sp. small-type 
Aju:;;a cf chia 
Aizoon hiSTJanicum 
Anthemis sp. 
Aphanessp. 
Asteraceae-type 
Brassicaceae 
Chenopodiaceae 2 0.002 
cf Coriander 
Cyperaceae 
Erodium sp. 
Fumaria of. densiflora 
Fumariasp. 
Galium so. large-type 
Galium sp. small-type ' 
Glaucium cf comiculatum 
Helianthemum sp. I 0.001 
Heliotropium sp. 1 0.001 
Table 6.3 Counts and weights (g) ofLate PPNB non-wood plant remains (continued). 
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Locus 422 455 461 464 
Ct Wt Ct Wt Ct Wt. Ct Wt 
Li!iaceae-type 
Lithosvermum tenuif!orum-tvpe 1 0.002 1 0.002 
Malva c£ varviflora 
Malva sp. with pericarp 
Malva sp. small-type 
cf. Omitho~alum sp. 
cf. Pezanum harmala seed 
cf. Pezanum harmala seed capsule 
Planta~o sp. 
cf. P lanta~o 
Salsola sp. 
cf.Scirpus 
Solanaceae-type 
Total wild seeds and plant parts 3 0.004 2 0.002 1 0.002 0 0.000 
Fruits and Nuts 
Ficus carica drupelet 23 0.006 1 0.001 6 0.001 11 0.002 
Ficus carica fruit flesh 
cf. Ficus carica fruit skin 3 0.002 
Pistacia c£ atlantica whole nutlets 
Pistacia sp. nutshell frags 8 0.006 4 0.001 3 0.001 
Unidentified nutshell 2 0.001 
Unidentified nutshell2 with fruit flesh 
Unidentified fruit pit frag (striated) 
Total pips, nutshell, and fruit parts 33 0.013 4 0.003 10 0.002 14 0.003 
Dung (>2mm frag, non-~odent) 
Dunl!: (<2mm whole, rodent-type) 
Total number ofiD items and wt (g) 154 0.129 20 0.044 65 0.046 86 0.081 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 470 479-481 485 487 
Space/ Unit Number 33 12 20 21 
Context Type Floor Surface Heartb Midden Structure Fill 
Volume of sediment floated (L) 4.0 6.0 19.5 10.0 
Ct. Wt. Ct. Wt Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneumldistichum grn 4 0.013 1 0.003 5 0.008 2 0.010 
Hordeum distichum domestic rachis 1 0.001 1 0.001 
Hordeum spontaneum wild rachis 2 0.001 1 0.001 
Hordeum sp. ripped-scar spikelet fork 1 0.001 
Hordeum sp. indet spikelet fork 2 0.001 2 0.001 
Triticum dicoccum grn 1 0.008 2 0.008 
Triticum dicoccoides gm 
Triticum dicoccum/monococcum gm 
Triticum dicoccum domestic spikelet fork 1 0.001 3 0.002 
Triticum dicoccoides wild spikelet fork 
Triticum monococcumdomestic fork 
Triticum sp. ripped-scar spikelet fork 4 0.001 
Triticum sp. terminal spikelet 
Triticum sp. indet spikelet fork 1 0.001 2 0.001 
Triticum sp. glume base 2 0.001 12 0.003 5 0.001 
Triticum sp. glume frags 2 0.001 4 0.001 3 0.001 
Cerealia indet grn :frags 7 0.002 36 0.038 33 0.023 26 0.025 
Processed/ground grain frags 9 0.004 4 0.003 
Total cereal grains and frags 11 0.015 38 0.049 47 0.035 34 0.046 
Total chaff 5 0.003 2 0.002 30 0.011 12 0.005 
Large Legumes 
Lens orientalislculinaris 1 0.001 
cf.Lens 
Vicia ervilia I 0.005 
Vicia sp. 1 0.005 
c£ Cicer 
Large-seeded legume indet 1 0.004 1 0.002 3 0.008 1 0.003 
Medium-seeded legume indet 1 0.002 1 0.001 
Total large legumes 2 0.009 1 0.002 6 0.016 2 0.004 
Small-Seeded Legumes 
Astragalus sp. 5 0.005 20 0.011 3 0.002 
Coronilla 
Medicaf!o radiata 3 0.006 
Medica:;;o sp. 2 0.002 
Melilotus sp. 8 0.005 1 0.001 17 0.008 3 0.001 
Onobrychis seed 3 0.002 
Onobrychis exoskeleton frag 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 470 479-481 485 487 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 
Trizonella astroites 
Trizonella sp. 14 0.008 1 0.001 
Trifolium sp. 5 0.004 3 0.001 
Small-seeded legume indet frags 8 0.002 1 0.001 55 0.019 7 0.003 
Total small-seeded legumes 29 0.022 2 0.002 112 0.049 16 0.009 
Wild Grasses 
cf. Aef!:iloos base 1 0.001 1 0.001 
Avena-type grn 
Avena!Eremopyrum awn 
Bromus sterilis-type grn 
Bromus danthoniae-type grn 
Lolium sp. grn 1 0.001 
Phalaris sp. grn 1 0.001 
Poa bulbosa bulbi! 1 0.001 
Stipa sp. grn 1 0.001 
Poaceae embryo 
Poaceae soikelet fork 
Poaceae culm node 1 0.001 
Poaceae indet grn frags 2 0.002 
Total ·wild Poaceae grains and frags 0 0.000 2 0.002 2 0.002 1 0.001 
Total wild Poaceae chaff 0 0.000 0 0.000 2 0.002 2 0.002 
Wild/Weedy Taxa 
Adonis sp. small-type 
Aju;;;a cf. chia 
Aizoon hisoanicum 
Anthemis sp. 
Aphanes sp. 
Asteraceae-type 
Brassicaceae 
Chenooodiaceae 
cf. Coriander 
Cyperaceae 1 0.001 
Erodium sp. 
Fumaria cf. densiflora 
Fumariasp. 
Galium sp. large-type 
Galium sp. small-type 
Glaucium cf. cornicu!atum 
Helianthemum sp. 4 0.003 
Heliotrooium so. 3 0.002 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 470 479-481 485 487 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Liliaceae-type 
Lithospermum tenuiflorum-type 3 0.002 
Malva c£ parviflora 
Malva sp. with pericarp 2 0.001 
Malva sp. small-type 
c£ Ornithor;alum sp. 1 0.001 1 0.001 
c£ Per;anum harmala seed 1 0.001 
cf. Pezanum harmala seed capsule 
Plantago sp. 
cf. PlantaJ<O 
Salsola sp. 
cf.Scirpus 1 0.001 
Solanaceae-type 
Total wild seeds and plant parts 0 0.000 0 0.000 16 0.012 1 0.001 
Fruits and Nuts 
Ficus carica drupelet 2 0.001 39 0.009 16 0.005 
Ficus carica fruit flesh 
cf. Ficus carica fruit skin 
Pistacia cf. atlantica whole nutlets 
Pistacia sp. nutshell frags 7 0.002 1 0.001 28 0.009 7 0.003 
Unidentified nutshell 
Unidentified nutshell 2 with fruit flesh 
Unidentified fruit pit frag (striated) 
Total pips, nutshell, and fruit parts 9 0.003 1 0.001 67 0.018 23 0.008 
Dung (>2mm frag, non-rodent) 1 0.009 
Dung (<2mm whole, rodent-type) 2 0.005 
Total number ofiD items and wt. (g) 56 0.052 46 0.058 282 0.145 91 0.076 
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246 
Locus 489 491 492 506 
Space/ Unit Number 30 21 17 12 
Context Type Structure Fill Structure Fill Structure Fill Channel 
Volume of sediment floated (L) 10.5 22.0 15.0 9.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneum/distichum grn 2 0.008 4 0.019 2 0.008 3 0.007 
Hordeum distichum domestic rachis 1 0.002 1 0.001 
Hordeum spontaneum wild rachis 3 0.003 2 0.001 
Hordeum sp. ripped-scar spikelet fork 
Hordeum sp. indet spikelet fork 1 0.001 
Triticum dicoccum grn 14 0.024 
-Triticum dicoccoides gm 
Triticum dicoccumlmonococcum gm 
Triticum dicoccum domestic spikelet fork 5 0.003 1 0.001 
Triticum dicoccoides wild spikelet fork 
Triticum monococcumdomestic fork 
Triticum sp. ripped-scar spikelet fork 2 0.001 2 0.002 
Triticum sp. terminal spikelet 1 0.001 2 0.001 
Triticum sp. indet spikelet fork 3 0.002 3 0.002 2 0.002 
Triticum sp. glume base 3 0.001 17 0.006 1 0.001 6 0.001 
Triticum sp. glume frags 2 0.001 2 0.001 1 0.001 
Cerealia indet gm frags 19 0.008 82 0.043 9 0.005 24 0.014 
Processed/ground grain frags 8 0.005 6 0.002 
Total cerealgrains and frags 21 0.016 108 0.091 11 0.013 33 0.023 
Total chaff 13 0.009 34 0.018 3 0.002 11 0.006 
Large Legumes 
Lens orientalis!culinaris 2 0.017 1 0.005 2 0.004 
c£Lens 1 0.002 1 0.003 
Vicia ervilia 
Vicia sp. 
cf. Cicer 
Large-seeded legume indet 1 0.001 2 0.009 
Medium-seeded legume indet 2 0.004 2 0.003 3 0.002 
Total large legumes 3 0.006 3 0.018 6 0.020 5 0.006 
Small-Seeded Legumes 
Astragalus sp. 4 0.002 20 0.017 17 0.014 7 0.004 
Coronilla 1 0.001 
Medicazo radiata 2 0.002 1 0.002 
Medicaf{o sp. 1 0.001 
Melilotus sp. 3 0.002 10 0.006 8 0.005 3 0.002 
Onobrvchis seed 1 0.001 1 0.001 1 0.002 
Onobrychis exoskeleton frag 1 0.001 1 0.001 1 0.001 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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489 491 492 506 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 
Trif{onel!a astroites 1 0.001 
Trif{onella sp. 1 0.001 4 0.002 7 0.005 
Trifolium sp. 2 0.001 3 0.001 2 0.001 
Small-seeded legume indet frags 7 0.002 28 0.010 31 0.008 14 0.007 
Total small-seeded lel!:umes 19 0.010 70 0.041 68 0.038 26 0.015 
Wild Grasses 
c£ Aef{ilops base 
Avena-type grn 1 0.001 
Avena/Eremopyrum awn 
Bromus sterilis-type gm 
Bromus danthoniae-type gm 
Lolium sp. grn 1 0.001 
Phalaris sp. gm 1 0.001 
Poa bulbosa bulbi! 
Stioasp. gm 1 0.001 
Poaceae embryo 
Poaceae spikelet fork 1 0.001 
Poaceae culm node 1 0.001 
Poaceae indet gm frags 27 0.012 
Total wild Poaceae grains and frags 2 0.002 27 0.012 0 0.000 2 0.002 
Total wild Poaceae chaff 1 0.001 1 0.001 0 0.000 0 0.000 
Wild/\Veedy Taxa 
Adonis sp. small-type 
Ajuza c£ chia 
Aizoon hispanicum 
Anthemis sp. 1 0.001 
Aphanessp. 
Asteraceae-type 
Brassicaceae 
Chenooodiaceae 1 0.001 
c£ Coriander 
Cyperaceae 
Erodium sp. 1 0.001 
Fumaria cf. densif!ora 
Fumariaso. 
Galium sp. large-type 
Galium sp. small-type 
Glaucium c£ corniculatum 2 0.001 
Helianthemum sp. 1 0.002 
Heliotrooium so. 2 0.001 
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Locus 489 491 492 506 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Liliaceae-type 
Lithosoermum tenuiflorum-tvne 2 0.003 1 0.003 1 0.002 1 0.001 
Malva c£ parviflora 
Malva sp. with pericarp 
Malva sp. small-type 
cf. Ornithozalum sp. 1 0.001 1 0.001 
cf. Pezanum harmala seed 1 0.001 
cf. Pezanum harmala seed capsule 2 0.001 
Plantazo sp. 
c£Plantago 1 0.001 
Sa!sola sp. 
cf. Scirpus 
Solanaceae-type 
Total wild seeds and plant parts 4 0.005 2 0.004 11 0.009 2 0.003 
Fruits and Nuts 
Ficus carica drupelet 11 0.003 38 0.011 4 0.001 17 0.003 
Ficus carica fruit flesh 3 0.005 
cf. Ficus carica fruit skin 1 0.004 
Pistacia c£ atlantica whole nutlets 
Pistacia sp. nutshell frags 10 0.002 6 0.002 24 0.004 7 0.001 
Unidentified nutshell 
Unidentified nutshell2 with fruit flesh 
Unidentified fruit pit frag (striated) 
Total pips, nutshell, and fruit parts 21 0.005 48 0.022 28 0.005 24 0.004 
Dung (>2mm frag, non-rodent) 1 0.015 1 0.009 
Dung (<2mm whole, rodent-type) 1 0.002 
Total number ofiD items and wt. (g) 84 0.054 293 0.207 127 0.087 103 0.059 
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Locus 508 513 518-530 527 
Space/ Unit Number Structure Fill Structure Fill Structure Fill Structure Fill 
Context Type 31 23 23 27 
Volume of sediment floated (L) 9.0 16.0 7.0 8.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneumldistichum grn 1 0.005 1 0.004 2 0.003 
Hordeum distichum domestic rachis 1 0.001 1 0.002 
Hordeum spontaneum wild rachis 1 0.001 
Hordeum sp. ripped-scar spikelet fork 
Hordeum sp. indet spikelet fork 1 0.001 3 0.001 
Triticum dicoccum grn 3 0.018 1 0.003 1 0.001 
Triticum dicoccoides gm 
Triticum dicoccum!monococcum gm 
Triticum dicoccum domestic spikelet fork 1 0.001 
Triticum dicoccoides wild spikelet fork 1 0.001 
Triticum monococcumdomestic fork 1 0.002 
Triticum sp. ripped-scar spikelet fork 7 0.004 2 0.002 I 0.001 
Triticum sp. terminal spikelet 1 0.001 
Triticum sp. indet spikelet fork 1 0.001 1 0.001 1 0.001 1 0.001 
Triticum sp. glume base 4 0.002 9 0.003 2 0.001 1 0.001 
Triticum sp. glume frags 5 0.001 3 0.001 
Cerealia indet grn frags 11 0.006 78 0.054 16 0.015 19 0.016 
Processed/ground grain frags 3 0.002 17 0.009 4 0.006 
Total cereal grains and frags 14 0.008 99 0.086 22 O.OZ8 22 0.020 
Total chaff 7 0.005 25 0.013 7 0.007 10 0.006 
Large Legumes 
Lens orientalis/culinaris 1 0.002 
cf.Lens 1 0.002 
Vicia ervilia 
Vicia sp. 1 0.007 1 0.005 1 0.005 
cf. Cicer 
Large-seeded legume indet 2 0.007 1 0.003 
Medium-seeded legume indet 3 0.004 3 0.003 2 0.002 
Total large legumes 7 0.020 6 0.013 1 0.005 2 0.002 
Small-Seeded Legumes 
Astragalus sp. 5 0.002 18 0.008 7 0.007 2 0.001 
Coronilla 
Medicazo radiata 2 0.002 1 0.001 
J\1edicaJ;o sp. 1 0.001 
Melilotus sp. 12 0.006 18 0.007 4 0.002 
Onobrvchis seed 2 0.002 1 0.003 
Onobrychis exoskeleton frag 1 0.001 3 0.001 1 0.001 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 508 513 518-530 527 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 
Trizonella astroites 
Trizonella so. 3 0.001 5 0.003 2 0.001 
Trifolium sp. 1 0.001 
Small-seeded legume indet frags 18 0.006 34 0.012 3 0.001 4 0.002 
Total small-seeded ieJ!:umes 43 0.020 80 0.033 18 0.013 7 0.006 
Wild Grasses 
cf. Aezilops base 
Avena-type grn 
Avena!Eremopyrum awn 
Bromus sterilis-type grn 1 0.002 
Bromus danthoniae-type grn 1 0.002 
Lolium sp. grn 
Phalaris sp. grn 
Poa bulbosa bulbi! 
Stipasp. gm 
Poaceae embryo 
Poaceae spikelet fork 
Poaceae culm node 
Poaceae indet grn frags 1 0.001 
Total wild Poaceae grains and frags 1 0.002 1 0.002 1 0.001 0 0.000 
Total wild Poaceae chaff 0 0.000 0 0.000 0 0.000 0 0.000 
Wild/Weedy Taxa 
Adonis sp. small-type 
Afuza cf. chia 
Aizoon hisoanicum 
Anthemis sp. 
Aohanessp. 
Asteraceae-type 
Brassicaceae 
Chenopodiaceae 
cf. Coriander 
Cyperaceae 
Erodium sp. 1 0.001 
Fumaria cf. densitlora 
Fumariasp. 
Galium so. Jarge-tvoe 
Galium sp. small-type 1 0.001 
Glaucium cf. corniculatum 1 0.001 
Helianthemum sp. 
Heliotropium sp. 
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Locus 508 513 518-530 527 
Ct Wt Ct Wt Ct Wt Ct Wt 
Liliaceae-type 1 0.001 
Lithospermum tenuiflorum-type 2 0.003 6 0.004 1 0.002 
Malva c£ parviflora 1 0.001 
Malva sp. with pericarp 
Malva sp. small-type 
cf. Omithozalum sp. 5 0.003 
cf. Pe>;anum harmala seed 
cf. Pezanum harmala seed capsule 
Plantazo sp. 1 0.001 
cf. Plantazo 
Salsola sp. 
c£Scirpus 
Solanaceae-type 
Total wild seeds and plant parts 5 0.006 13 0.009 1 0.002 1 0.001 
Fruits and Nuts 
Ficus carica drupelet 10 0.002 37 0.007 8 0.002 6 0.001 
Ficus carica fruit flesh 1 0.001 
c£ Ficus carica fruit skin 
Pistacia cf. atlantica whole nutlets 
Pistacia sp. nutshell frags 3 0.001 13 0.009 2 0.001 
Unidentified nutshell 4 0.002 
Unidentified nutshell2 with fruit flesh 1 0.001 
Unidentified fruit pit frag (striated) 
Total pips, nutshell, and fruit parts 13 0.003 52 0.018 12 0.004 8 0.002 
Dung (>2mm frag, non-rodent) 3 0.013 
Dung (<2mm whole, rodent-type) 1 0.002 
Total number ofiD items and wt (g) 90 0.064 276 0.174 62 0.060 50 0.037 
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Locus 553 555 560 562 
Space/ Unit Number 21 23 32 20 
Context Type Structure Fill Midden Floor Surface Floor Surface 
Volume of sediment floated (L) 10.0 8.0 5.0 11.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordeum spontaneum/distichum gm 2 0.007 2 0.010 1 0.002 
Hordeum distichum domestic rachis 1 0.001 
Hordeum spontaneum wild rachis 2 0.002 1 0.001 1 0.001 
Hordeum sp. ripped-scar spikelet fork 2 0.001 
Hordeum sp. indet spikelet fork 2 0.001 
Triticum dicoccum gm 1 0.005 7 o.or8 
Triticum dicoccoides gm 
Triticum dicoccum!monococcum gm 
Triticum dicoccum domestic spikelet fork 
Triticum dicoccoides wild spikelet fork 
Triticum monococcumdomestic fork 
Triticum sp. ripped-scar spikelet fork 4 0.002 3 0.001 1 0.001 
Triticum sp. terminal spikelet 1 0.001 
Triticum sp. indet spikelet fork 2 0.001 1 0.001 
Triticum sp. glume base 4 0.001 8 0.003 6 0.002 1 0.001 
Triticum sp. glume :Erags 2 0.001 4 0.002 
Cerealia indet gm frags 10 0.008 326 0.275 15 0.022 22 0.021 
Processed/ground grain :frags 8 0.006 133 0.112 7 0.003 7 0.004 
Total cereal grains and frags 19 0.019 468 0.412 24 0.035 30 0.027 
Total chaff 6 0.002 24 0.013 13 0.006 3 0.003 
Large Legumes 
Lens orientalis/culinaris 2 0.009 1 0.002 2 0.005 
c£Lens 
Vicia ervilia 
Vicia sp. 4 0.014 
cf. Cicer 
Large-seeded legume indet 2 0.004 1 0.003 
Medium-seeded legume indet 5 0.012 3 0.004 3 0.002 
Total large legumes 11 0.030 2 0.009 5 0.009 5 0.007 
Small-Seeded Legumes 
Astray;alus sp. 11 0.006 11 0.004 9 0.006 15 0.011 
Coronil!a 
Medicazo radiata 1 0.002 
jVJedicas;o sp. 2 0.002 1 0.001 1 0.001 
Melilotus sp. 6 0.003 14 0.010 
Onobrychis seed 1 0.001 
Onobrychis exoskeleton frag 2 0.001 
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Locus 553 555 560 562 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius sp. 
Trif{one!la astroites 1 0.002 
Trizone!la SP. 1 0.001 1 0.001 4 0.003 6 0.005 
Trifolium sp. 1 0.001 
Small-seeded legume indet frags 36 0.020 3 0.001 64 0.021 93 0.047 
Total small-seeded legumes 57 0.034 20 0.011 92 0.041 115 0.064 
Wild Grasses 
cf. Aef{ilops base 
Avena-type grn 
Avena!Eremopvrum awn 
Bromus sterilis-type gm 
Bromus danthoniae-type gm 
Lolium sp. grn 
Phalaris sp. grn 
Poa bulbosa bulbi! 
Stipa sp. grn 
Poaceae embrvo 
Poaceae spikelet fork 1 0.001 
Poaceae culm node 
Poaceae indet gru frags 1 0.002 
Total wild Poaceae grains and frags 0 0.000 0 0.000 1 0.002 0 0.000 
Total wild Poaceae chaff 0 0.000 1 0.001 0 0.000 0 0.000 
Wild!W eedy Taxa 
Adonis sp. small-type 
Aiuza cf. chia 
Aizoon hispanicum 
Anthemis sp. 1 0.001 
Aohanessp. 
Asteraceae-type 
Brassicaceae 
Chenopodiaceae 
cf. Coriander 
Cyperaceae 
Erodium sp. 
Fumaria cf. densiflora 
Fumariasp. 
Galium sp. Iarge-tvpe 
Galium sp. small-type 
Glaucium cf. corniculatum 
Helianthemum sp. 2 0.001 1 0.001 
Heliotropium sp. 1 0.002 1 0.001 
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254 
Locus 553 555 560 562 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Liliaceae-type 
Lithospermum tenuiflorum-type 9 O.Dl5 1 0.002 1 0.001 
Malva c£ parviflora 1 0.002 1 0.001 
Malva sp. with pericarp 1 0.002 
Malva sp. small-type 1 0.001 
c£ Omitho;<alum sp. 2 0.001 5 0.002 8 0.003 
cf. Pe;<anum harmala seed 
c£ Peganum harmala seed capsule 
Plantago sp. 
c£Plantago 
Salsa/asp. 1 0.050 
cf. Scii"J)us 
Solanaceae-type 
Total wild seeds and plant parts 13 0.020 5 0.005 8 0.006 11 0.055 
Fruits and Nuts 
Ficus carica drupelet 3 0.002 9 0.002 38 0.008 14 0.004 
Ficus carica fruit flesh 
c£ Ficus carica fruit skin 3 0.010 
Pistacia cf. atlantica whole nutlets 1 0.031 
Pistacia sp. nutshell frags 4 0.001 17 0.012 9 0.007 
Unidentified nutshell 5 0.003 
Unidentified nutshell2 with fruit flesh 
Unidentified fruit pit frag (striated) 
Total pips, nutshell, and fruit parts 8 0.005 14 0.034 58 0.030 23 0.011 
Dung (>2mm frag, non-rodent) 6 0.015 
Dung (<2mm whole, rodent-type) 2 0.002" 
Total number ofiD items and wt. (g) 114 0.110 534 0.485 201 0.129 187 0.167 
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Locus 563 1000 1001 TOTALS 
Space/ Unit Number 20 16 16 
Context Type Channel Structure Fiii Floor Smface 
Volume of sediment floated (L) 4.0 16.0 4.0 336.0 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Cereals 
Hordewn spontaneumldistichum grn 6 0.021 117 0.292 
Hordeum distichum domestic rachis 22 0.020 
Hordeum spontaneum wild rachis 1 0.001 22 0.019 
Hordeum sp. ripped-scar spikelet fork 5 0.005 
Hordeum sp. indet spikelet fork 3 0.001 24 0.013 
Triticum dicoccum grn 77 0.213 
Triticum dicoccoides gm 1 0.002 
Triticum dicoccum/monococcwn gm 1 0.002 
Triticum dicoccum domestic spikelet 
fork 3 0.002 5 0.004 2 0.001 56 0.044 
Triticum dicoccoides wild spikelet fork 3 0.003 
Triticum monococcumdomestic fork 1 0.002 
Triticum sp. ripped-scar spikelet fork 43 0.030 
Triticum sp. terminal spikelet 1 0.001 16 0.012 
Triticum sp. indet spikelet fork 5 0.004 50 0.036 
Triticum sp. glume base 2 0.001 9 0.003 173 0.067 
Triticum sp. glume :frags 9 0.003 125 0.043 
Cerealia indet grn :frags 10 0.007 41 0.023 7 0.003 1066 0.810 
Processed/ ground grain frags 1 0.002 1 0.001 255 0.189 
Total cereal grains and frags 11 0.009 48 0.045 7 0.003 1517 1.508 
Total chaff 5 0.003 32 0.016 3 0.002 540 0.294 
Large Legumes 
Lens orientalislculinaris 5 0.014 2 0.003 38 0.117 
cf.Lens 3 0.007 
Vicia ervilia 3 0.013 
Vicia sp. 16 0.065 
cf. Cicer 1 0.003 
Large-seeded legume indet 2 0.007 1 0.003 32 0.104 
Medium-seeded legume indet 64 0.111 
Total large legumes 0 0.000 7 0.021 3 0.006 157 0.420 
Small-Seeded Legumes 
AstraJ;alus sp. 16 0.012 19 0.011 5 0.004 230 0.149 
Coronilla 4 0.005 
MedicaJ;o radiata 1 0.002 13 0.019 
Medica}<o sp. 2 0.002 2 0.002 18 0.031 
Melilotus sp. 1 0.001 4 0.002 144 0.081 
Onobrychis seed 3 0.003 17 0.019 
Onobrychis exoskeleton frag 2 0.001 1 0.001 27 0.020 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 563 1000 1001 TOTALS 
Ct. Wt. Ct. Wt. Ct. Wt. Ct. Wt. 
Scorpurius SJl. 2 0.002 
Trizonella astroites 1 0.001 2 0.001 6 0.006 
Trizonella sp. 6 0.003 12 0.010 1 0.001 70 0.048 
Trifolium sp. 2 0.001 28 0.020 
Small-seeded legume indet frags 42 0.022 11 0.004 14 0.006 704 0.280 
Total small-seeded legumes 66 0.039 51 0.032 30 0.019 1263 0.680 
Wild Grasses 
cf. Aezilops base 2 0.002 
Avena-type !!l1l 1 0.001 
Avena/Eremopyrum awn 1 0.001 
Bromus sterilis-type gm 3 0.004 
Bromus danthoniae-type gm 2 0.003 
Lo!ium sp. grn_ 18 0.023 
Phalaris sp. gm 3 0.002 11 0.011 
Poa bulbosa bulbi! 1 0.001 
Stipa sp. grn 3 0.004 
Poaceae embryo 1 0.001 
Poaceae spikelet fork 5 0.004 
Poaceae culm node 1 0.001 6 0.006 
Poaceae indet grn frags 2 0.001 18 0.007 73 0.037 
Total wild Poaceae grains and frags 2 0.001 21 0.009 0 0.000 112 0.084 
Total wild Poaceae chaff 0 0.000 1 0.001 0 0.000 15 0.014 
Wild/Weedy Taxa 
Adonis sp. small-type 1 0.002 
Ajuga cf. chia 1 0.002 1 0.002 
Aizoon hispanicum 1 0.001 1 0.001 2 0.002 
Anthemis sp. 6 0.004 
Aphanessp. 2 0.004 
Asteraceae-type 4 0.003 
Brassicaceae 25 0.009 
Chenopodiaceae 3 0.003 
c£ Coriander 2 0.002 2 0.002 
Cyperaceae 1 0.001 
Erodium sp. 2 0.002 
Fumaria cf. densfflora 1 0.001 2 0.003 
Fumariasp. 1 0.002 
Galium sp. large-type 1 0.002 1 0.002 
Ga!ium sp. small-type 1 0.001 
Glaucium c£ comiculatum 1 0.001 7 0.005 
Helianthemum sp. 11 0.009 
Heliotropium sp. 1 0.001 1 0.001 10 0.009 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
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Locus 563 1000 1001 TOTALS 
Ct Wt Ct Wt Ct Wt. Ct Wt. 
Liliaceae-type 1 0.002 2 0.003 
Lithospermum tenuiflorum-type 2 0.002 1 0.001 1 0.001 41 0.055 
Malva cf. parviflora 3 0.004 
Malva sp. with pericarp 4 0.004 
Malva sp. small-type 2 0.002 
cf. Ornithos;alum sp. 2 0.001 1 0.001 1 0.001 29 0.017 
cf. Peganum harmala seed 2 0.002 
c£ Peganum harmala seed capsule 2 0.001 
Plantago sp. 2 0.002 
c£Plantago 1 0.001 
Salsola sp. 1 0.050 
cf. Scirpus 1 0.001 
Solanaceae-type 1 0.001 
Total wild seeds and plant parts 7 0.007 8 0.009 4 0.005 173 0.208 
Fruits aud Nuts 
Ficus carica drupelet 8 0.020 51 0.018 7 0.001 572 0.160 
Ficus carica fruit flesh 3 0.005 10 0.029 
c£ Ficus carica fruit skin 3 0.003 10 0.019 
Pistacia cf. atlantica whole nutlets 1 0.031 
Pistacia sp. nutshell :frags 12 0.020 32 0.017 5 0.002 423 0.163 
Unidentified nutshell 15 0.010 
Unidentified nutshell2 with fruit flesh 1 0.001 
Unidentified fruit pit :frag (striated) 1 0.002 
Total pips, nutshell, and fruit parts 20 0.040 83 0.035 18 0.011 1033 0.415 
Dung (>2mm frag, non-rodent) 12 0.061 
Dung (<2mm whole, rodent-type) 6 0.011 
Total number ofiD items and wt (g) 111 0.099 251 0.168 65 0.046 4810 3.623 
Table 6.3 Counts and weights (g) of Late PPNB non-wood plant remains (continued). 
6.2. 7 Dry Sieved Samples 
Twenty sediment samples (totaling 20 L) were dry sieved for wood charcoal and 
seed material from the Late PPNB courtyard area, Space 33. Of the nearly 500 specimens 
recovered, only ten were identified as non-wood plant remains along with a single large 
dung fragment (Table 6.4). The internal structure of the dung fragment bears a striking 
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resemblance to the caprine dung pellet photographed in cross-section from the Early 
Bronze Age site of Tell el- 'Abd in Syria, suggesting that the specimen from el-Hemmeh 
may also be of goat/sheep origin (Riehl2006: 117). The non-wood plant specimens 
identified in the dry sieved samples are primarily composed of cereal grain fragments 
(n=7) with both Hordeum and Triticum represented. A nearly whole Lolium cf. remotum 
grain was also recovered, in addition to two Vicia seed fragments. 
Table 6.4 Counts and identification of carbonized plant remains recovered during the 
analysis of20 dry sieved samples from Space 33, the Late PPNB courtyard area. 
Wood Seeds 
Locus Unit Depth (masl) (Ct.) (Ct.) Non-Wood Species Identification 
455 466E237N 463.92-463.86 99 0 
456 466E237N 463.85-463.80 2 0 
456 466E237N 463.92-463.87 18 1 1 Vi cia fragment with partial testa 
456 466E237N · 463.86-463.67 0 0 
456 466E237N 463.61-463.53 0 1 1 cereal grain fragment 
456 466E237N 463.61-463.58 2 1 1 dung fragment 
456 466E237N 463.57-463.47 5 4 1 Triticum dicoccum gm, 3 cereal frag 
461 466E237N 463.65-463.61 55 0 
461 466E237N 463.69-463.60 18 0 
461 467E237N 463.97-463.83 11 0 
461 467E237N 463.95-463.83 5 0 
461 467E237N 463.72 123 0 
461 467E237N 463.95-463.83 6 0 
461 467E237N 463.72 49 0 
461 467E237N 463.77-463.62 66 0 
461 467E237N Baulk cleaning 28 0 
470 466E237N 463.32-463.28 0 1 1 Hordeum grain fragment 
470 466E237N 463.34-463.17 0 2 1 Vicia ervilia seed, 1 Lolium fragment 
470 466E237N 463.22-463.04 0 1 1 Triticum dicoccum grain 
470 466E 237N 463.19-463.12 0 0 
Totals: 487 10 Non-Wood Wt: 0.069 g 
6.3 Contextual Summaries 
In this section, the spatial distribution of Late PPNB carbonized plant remains 
recovered through flotation is examined. The discussion of samples is organized by space 
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number, designating a particular room or architectural feature (e.g., Space 33, the 
courtyard area), and then by locus number, denoting a particular archaeological sediment 
that was sampled (e.g., locus 456 within Space 33). In many cases, more than one 
flotation sample was taken from a given locus, and these results are combined in Table 
6.3. Each locus discussion contains a description of the sediment type, associated 
artifacts, relationships to surrounding deposits, and interpretations and notes of the 
excavators. A summary of the analyzed plant assemblage and its archaeobotanical 
interpretation is also presented for each locus, paying particular attention to potential 
modes of deposition and processes affecting macro botanical preservation. 
The results presented in this chapter represent 32 loci from various Late PPNB 
contexts across the site. These have been grouped into five basic context types: hearths, 
floor surfaces, midden deposits, structure fill, and channel contents. As with the PPNA 
assemblage, the richest samples in terms of both number of plant taxa and seed density 
are recovered from loci that have been protected and remained undisturbed following 
their deposition. One of the richest contexts in terms of seed density (number of seeds/L) 
and total percentage of assemblage (seed:wood) is locus 555, a midden deposit of 
charred, coarsely-processed cereal grains discovered beneath the plaster floor of 
remodeled Space 23 (Table 6.3). Another deposit yielding a high density of seeds is from 
a plaster-lined subterranean bin, locus 145, which was intentionally filled in with floor 
sweepings and hearth debris before being capped with groundstone artifacts. Samples 
from more ambiguous contexts, particularly those which were accumulated over time or 
were exposed during remodeling events, yielded far fewer well-preserved remains. 
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Within each basic context type (e.g., middens), locus descriptions may vary 
widely. Hearth contexts are defmed as primary deposits comprising the carbonized 
contents of a burning/cooking feature. Hearth features may be stone slab-lined, rimmed 
with stones, or represent an in situ installation of burned sediment and fire-cracked rock. 
Floor surface contexts are more difficult to define because the surface is typically in 
direct contact with an overlying material (e.g., midden, architectural collapse) that may 
obscure or mix with primary floor deposits. As such, some loci within the floor surface 
category are noted as primary contexts while others are more ambiguously defmed as 
primary I secondary contexts. 
The next two categories, middens and structure fills, are archaeologically distinct 
contexts at el-Hemmeh. Middens are defmed as the waste accumulated within a given 
architectural space over time through a series of depositional events following the 
abandonment of the structure as a living area. Structure fills are the product of 
remodeling events in which spaces were transformed through the intentional addition of 
sediment. These architectural spaces are referred to as rising-floor structures (sensu Gebel 
2006: 66) because living floors "move" upward with the addition of sediment upon which 
new floors are built. Sediments used as structure fills could feasibly have come from 
anywhere near the site: midden areas, crop-processing areas, animal penning areas, etc. 
The main difference between middens and structure fills is that middens represent an in 
situ accumulation of waste, while structure fills have been intentionally re-deposited from 
another location and may therefore have been subject to additional post-depositional 
processes before their final deposition. 
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The fmal context type is defmed as the sediment from Late PPNB sub-floor 
channels. Subterranean stone-lined channels are present beneath many of the architectural 
spaces at el-Hemmeh, often running beneath multiple rooms in what appears to be a 
complex and carefully-laid network. While the purpose of the channels is unknown, 
similarly designed sub-floor channels have been discovered at the Late PPNB sites of 
Basta, Ba'ja, es-Sifiya, and Khirbet Hammam (Nissen et al. 1987, 1991; Mahasneh 1997; 
Peterson et al. 201 0). Goring-Morris and Belfer-Cohen (20 1 0) have suggested that the 
channels served as a water management system to help reduce damage during seasons of 
heavy rain. Kuijt and Goring-Morris (2002: 409) have also hypothesized that the 
channels may have served as ventilation shafts for the subterranean rooms. 
In addition to context-specific designations as primary, secondary, or tertiary, 
Table 6.11ists the deposition classes of individual loci. These classes are based on 
Fuller's (2007: 189) descriptions of archaeobotanical deposition classes. Loci in the Class 
A category contain botanical remains burnt where they were recovered- essentially, in 
situ activity deposits. Class B deposits consist of primary refuse that has been re-
deposited; for example, an assemblage of dumped hearth contents from multiple cooking 
events. Contexts from Class C are more ambiguous given the heterogeneous and unclear 
nature of these deposits. Class C contexts represent the archaeobotanical "background 
noise" accumulated through routine tasks, and assemblages reflect a variety of 
depositional events, mixing, and post-depositional processes. 
6.3.1 Space 12 
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Locus 353: Structure Fill 
The excavation of Space 12 revealed a large Late PPNB rectangular room with a 
stone staircase and a heavily replastered floor surface (Makarewicz and Austin 2006) 
(Figure 6.2). The 2 x 2m space was later filled with a homogenous loose brown 
sediment possessing visible charcoal inclusions and a high artifact density. This sediment 
comprising locus 353 appears to be very midden-like, and stone and wall fragments 
indicative of architectural collapse only appeared in the upper levels of the structure fill 
(locus 343). This suggests that locus 353 may represent a secondary dumping of cultural 
material from elsewhere, perhaps as part of an intentional infilling of Space 12 after its 
abandonment. 
Locus 353: Archaeobotanical Discussion 
Figure 6.2 The excavation 
of Space 12, with layers of 
plastering flooring (right) 
and partially exposed sub-
floor fill (left). Stone stairs 
leading to an upper story 
are located in the upper left 
of the photo. 
Three flotation samples totaling 17liters were processed from the locus 353 
deposit (Table 6.3). Although just 5.6% of the total macrobotanical assemblage was 
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identified as non-wood plant material, preservation was good with 18.47 specimens 
identified per liter of archaeological sediment. In total, 314 seed~ were recovered 
weighing 0.201 g. The most abundant taxa include cereals and cereal chaff, as well as 
fruit seeds and nutshell. In total, 17 barley and 17 emmer wheat grains were recovered. A 
single ambiguous grain of Triticum dicoccum/monococcum (possibly one-grain emmer) 
was also identified (Figure 6.3). Chaff remains include domestic-type barley spikelet 
forks (n=7) and one wild fork. Wheat chaff appears to be largely of a domestic type, with 
13 domestic rachis fragments and 4 ripped-type fragments. Emmer wheat glume 
fragments were also recovered in very large numbers (n=53). Cultivated legumes are 
present with two specimens of Lens orientalis/culinaris and one identified Vicia ervilia, 
along with three large legume fragments (also likely bitter vetch). In comparison with the 
assemblages from other LPPNB loci across the site, very few small-seeded legumes are 
present (n=5). Three wild grass types, Phalaris, Lolium, and Stipa spp. were identified, 
along with a number of likely crop weeds. These include two seeds of Glaucium cf. 
corniculatum and a single Malva sp. seed with an adhering portion ofpericarp. Other 
wild taxa include both Plantago and an Asteraceae type (n=2). Large numbers of both 
Ficus drupelets (n=57) and Pistacia nutshell fragments (n=86) were recovered from this 
locus. 
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Figure 6.3 A) seed from the Asteraceae family, B) spiral beak from Erodium sp., C) 
Triticum monococcum grain (possibly one-grain emmer), D) wild Triticum dicoccoides 
grain, E) broken Ficus carica seeds with exposed embryos, F) Malva sp. seed. (Scale = 
0.5mm) 
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Overall, locus 353 presents an assemblage of cereals and cereal chaff together 
with fig and pistachio remains. Small legumes and other vvild taxa are present in 
significantly less numbers, suggesting an emphasis on food remains and cereal 
dehusking. The homogenous sediment oflocus 353 suggests that a single infilling event 
occurred within Space 12. Good botanical preservation supports this theory, suggesting 
that the space may have been infilled quickly and limited damage to remains from 
bioturbation and other post-depositional processes. 
Locus 481: Hearth Feature Contents 
After the removal of the thick layers of plaster covering the floor of Space 12, a 
charcoal-filled feature was uncovered (locus 479) amongst the sub-floor rubble (Figure 
6.4). The feature is lined with nine upright stone slabs arranged in a square-like formation 
approximately 30 em in diameter. Its base intersects with a large sub-floor channel that 
runs directly below the feature and through much of Space 12 (locus 506). It is unclear if 
the hearth feature was used simultaneously with the sub-floor channel or how their 
functions might have been related. An earlier plaster floor was partially removed to create 
the hearth feature along with removing two large capstones covering the sub-floor 
channel. The floor was then replastered around the upright stones and the plaster debris 
left at the base of the open channel. The contents of the stone-lined feature are extremely 
well preserved and include a rich deposit of wood charcoal, faunal remains, and fire-
cracked rock. This is indicative of an in situ burning event that was quickly covered by 
another plaster flooring event (locus 474) that served to seal the deposits. 
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Locus 481: Archaeobotanical Discussion 
Figure 6.4 The stone-lined 
hearth (locus 481) uncovered 
in Space 12. (Scale= 30 em) 
A six liter sample was floated from the contents of the hearth feature yielding 
12.539 g of carbonized plant materiaL Of this, 99.1% was wood charcoal, indicating a 
predominance of wood fueL Seeds are present in low numbers (n=46) weighing 0.058 g, 
with a density of7.67 identified specimens per liter (Table 6.3). A single grain ofboth 
Hordeum and Triticum were identified, along with 36 badly carbonized cereal grain 
fragments. Cereals comprise the majority of the assemblage, with single specimens of a 
large-seeded legume, a small-seeded legume, and aMelilotus-type legume. Two wild 
Poaceae grain fragments were noted as well as a single fragment of Pistacia nutshelL 
Preservation of these remains is very poor and many of the seeds appear to have been 
charred at a high temperature. This is evident in the cereals where the grain shape is 
distorted and puffed, and the endosperm has avery "bubbled" appearance (Figure 6.5). 
The grains are extremely fragile and break apart very easily. What appear to be tiny 
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fragments of distorted cereal grains are present in the smallest size fraction ( <0.5 mm) 
examined, also suggesting a high fragmentation rate. Whether the feature might have 
served as a cereal-cooking feature is a matter of some speculation. It is likely that many 
more seeds may have been present within the feature, but these may have been destroyed 
during the carbonization process and through subsequent floating and processing. The 
resulting preservation of large cereal grains over small seeds is not necessarily indicative 
of the original assemblage. 
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Figure 6.5 A) Fragmented Hordeum sp. grain with "bubbled" appearance, B) seven 
Melilotus-type specimens with varying seed morphologies. (Scale = 1 mm) 
Locus 506: Sub-Floor Channel Contents 
A series of flat limestone slabs were excavated after the removal of the thick 
plaster floor and rubble floor preparation within Space 12. Beneath the slabs lay an E-
shaped channel system running the length and width of the room and extending beyond 
its western and southern walls into unexcavated spaces (Figure 6.6). The stone-lined sub-
floor channels are two courses high and approximately 25-30 em in width, and filled with 
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a fine silty sediment. If the locus 479 hearth feature was utilized simultaneously with the 
sub-channels of Space 12, the channel could have served as a potential flue. 
Locus 5 06: Archaeobotancial Discussion 
Figure 6.6 The stone-lined 
sub-floor channel system 
discovered beneath the 
plaster flooring (removed) 
within Space 12. (Scale= 
30 em) 
Two flotation samples totaling nine liters were processed and analyzed from locus 
506. From the 4.417 g ofmacrobotanical remains recovered, identification was possible 
for 103 non-wood specimens (0.059 g). The percentage of non-wood remains was very 
low (6.2%), with 93.1% of the assemblage comprised of carbonized wood charcoaL 
Aside from the prevalence of charred wood, this assemblage appears quite different from 
that of the associated hearth feature 479/481. A higher percentage of cereal chaff 
fragments, small-seeded legumes, and fig seeds are present, suggesting better 
preservation of fragile remains within the sub-floor channel than in the higher 
combustion temperatures of the stone-lined hearth (Figure 6.7). However, it remains 
unclear whether the botanical material found within the channel could have originated 
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from the hearth above, or whether these remains might have been carried in through the 
channel system from another area of the site. 
A B 
Figure 6. 7 A) Glumes and rachis fragments of Triticum dicoccum, B) a Lithospermum 
tenuiflorum exocarp (uncarbonized). (Scale= 1 mm) 
The most abundant taxonomic category is cereals (n=27) with single specimens of 
domestic-type barley and emmer wheat rachis forms. Seven fragments of wheat glumes 
were also recovered, along with six processed grain fragments. Cultivated legumes are 
present in low numbers, with two Lens orientalis/culinaris seeds and three medium-
seeded legume fragments of an unknown genus. Small-seeded legumes are found in 
higher numbers (n=26), the most abundant of which are seeds from the Astragalus and 
Melilotus genera Two types of wild grasses are represented here as single specimens of 
Phalaris and Stipa grains. Additional wild plant taxa are minimal with just two 
specimens: one Helianthemum seed, and one Lithospermum tenuiflorum nutlet. Fig 
drupelets and pistachio nutshell fragments are also present in low numbers (n=17, n=7). 
The botanical remains from locus 506 can be summarized as a moderate to poorly 
preserved assemblage with a typical signature of a midden/multi-event deposition. 
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Further interpretation is, however, complicated by the presence of modem botanical 
material. These remains were likely brought into the channel through ant activity, as 
evidenced by multiple Cerastium seeds and the carcasses of both mature and larval ants. 
6.3.2 Space 14 
Locus 422: Structure Fill 
Space 14 underwent a series of renovations during its use. Initially, it was 
connected to Space 13 through a large doorway, and it contained two small, square bin 
rooms (F-29 and F-30). These rooms were accessed from Space 13 using small windows, 
and the rooms likely served as storage areas of some sort (Makarewicz and Austin 2006) 
(Figure 6.8). Remodeling of this area led to the blocking of these windows and the 
intentional infilling of the Space 14 with secondary midden deposits (locus 419). While 
largely homogenous, excavators noted a layer of distinct sediment at the top of this fill 
sequence. It lies directly below a plaster floor associated with the second phase of 
occupation (locus 417). Locus 422 is a dark orange/brown sediment containing ash and 
degraded plaster fragments, concentrated south ofwa11403 in a 1.1 x 0.5 m area. It most 
likely represents a localized dumping event just prior to the construction of the floor 
above. 
Locus 422: Archaeobotanical Discussion 
A total of 12 liters of archaeological sediment was floated from locus 422 
resulting in the collection of7.620 g oflight fraction material. Much of the botanical 
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Figure 6.8 The square 
storage rooms of Space 14 
and access windows above. 
(Scale= 50 em) 
material was highly fragmented and preservation was poor. A total of 154 non-wood 
specimens were recovered from the analyzed material, consisting primarily of small 
legume seeds as well as cereals, large legumes, and fruit and nutshell fragments (Table 
6.3). Over 44% of the assemblage is composed of small-seeded legume specimens 
(n=69), the majority of which are too fragmented to be identified to genus level (n=42). 
"While such a large percentage of small legumes may be indicative of sheep/goat dung 
perhaps originally used in the context of hearth fuel, the overall assemblage is very rich 
in wood charcoaL Wood comprises 88.4% of the total assemblage, most of which was 
found in the smaller 1 mm fraction and also indicates a great degree of fragmentation. 
Overall, the botanical assemblage from locus 422 suggests a mixed midden assemblage 
of discarded debris that was re-deposited in Space 14 prior to the construction of the 
plaster floor. 
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Twenty-five cereal grains were identified in the analyzed samples, one specimen 
of which was determined to be barley, as well as one identified as emmer wheat. Three 
additional grain fragments bore signs of processing/ grinding prior to charring. The cereal 
chaff assemblage (n=l3) is largely of a domestic type. While one wild and one domestic 
barley spikelet fork were recognized, the emmer wheat assemblage contains two 
domestic forks and three ripped scar specimens. An additional five emmer glume bases 
were also recovered. Cultivated legumes are well represented with ten specimens, four of 
which were identified as fragments of Lens orientalis/culinaris while another two were 
identified as a Vicia type, although the hilum and testa were not preserved well enough 
for identification to species level. As stated above, small-seeded legumes are present in 
much larger numbers with 69 total specimens identified. The most abundant of these are 
Astragalus (n=l2) and Melilotus (n=ll) types (Figure 6.9). Far less numerous are the 
other wild taxa including wild Poaceae grain fragments (n=l) and other small wild seeds. 
A single Heliathemum seed and Heliotropium seed were also identified in addition to one 
Lithospermum tenuiflorum nutlet. Charred drupelets from the Ficus carica fruit are 
present in moderate numbers (n=23) as well as a few fragments of Pistacia nutshell 
(n=8). Also present are two fragments of an unidentified nutshell with a slightly 
reticulated exterior. 
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Figure 6.9 A) Small legumes of indeterminate genus, B) Astragalus spp. seeds. 
6.3.3 Space 16 
Locus 378: Structure Fill 
Over two and a half vertical meters of architecture and cultural deposits comprise 
Space 16, evidencing various remodeling and renovations during its extended use. Locus 
378 is a fill context associated a late phase of remodeling in which a north/south wall 
(406) was built across the space from wall350. The room was likely intentionally infilled 
with secondary midden debris post-abandonment, and a plaster floor was later 
constructed on top. Due to the plaster floor construction above and what may have been a 
relatively quick sequence of infilling, organic remains are well-preserved within locus 
378 (Makarewicz and Austin 2006). Excavators note that the dark brown sediment 
contains visible charcoal and many large bones from fatma, including some disarticulated 
human remains indicative of a trash-type burial (Makarewicz and Austin 2006: 21). 
Locus 378: Archaeobotanical Discussion 
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Three flotation samples taken from locus 378 (totaling 141iters) have yielded 
13.580 g oflight fraction material. A total of309 non-wood specimens were recovered 
with a weight of0.180 g (Table 6.3). Locus 378 has one ofthe highest non-wood 
densities (number of specimens per liter) and overall percentage of non-wood remains 
(versus wood charcoal) of the 31 flotation contexts analyzed during this project. 
Preservation is very good with 22.07 non-wood specimens identified per liter of 
archaeological sediment. This number is higher than average due to the number of fig 
drupelets recovered in the assemblage (n=103). Overall, the assemblage is indicative of a 
midden-type deposit with large numbers of specimens from each of the major plant 
categories. Cereal grains, chaff, large and small legumes, wild grasses and other wild 
taxa, and fruits and nutshell are all represented in sizable numbers. 
Three barley grains and two emmer wheat grains were identified along with 28 
indeterminate cereal grains, as well as a number of chaff specimens (n=17). Barley chaff 
includes two domestic spikelet forks and one with a wild scar, in addition to one 
indeterminate fork fragment (Figure 6.10). One of the very few Late PPNB wild 
Triticum dicoccoides spikelet forks was identified in these samples, as well as three 
ripped scar fragments. Emmer wheat glume evidence includes both glume bases (n=5) 
and fragments (n=4). The third-highest number oflarge legumes was identified from 
locus 378 with a single lentil, single bitter vetch seed, and a number of unidentifiable 
pulse fragments (n=lO). Small legumes are more numerous, comprising 36.0% of the 
non-wood assemblage with 83 specimens. The most abundant of these are Astragalus 
(n=lO) and Melilotus seeds (n=12). Many, however, could not be identified to the genus 
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Figure 6.10 A) Asteraceae (type 1), B) Asteraceae (type 2), C) wild Poaceae spikelet 
fragments, D) Solanaceae-type seed, E) Anthemis/Chrysanthemum, F) two Hordeum 
distichum rachis internodes with domestic-type abscission scars. (Scale= 1 mm) 
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level. Wild grasses are represented by four specimens: a single Phalaris grain, two 
indeterminate spikelet fragments, and a preserved Poaceae culm node fragment. The most 
unique assemblage from locus 378 is that of the wild plant taxa category. Two unique 
seed types identified only in this context include a small Adonis specimen and a seed that 
is most likely from the Solanaceae family. Other taxa include three Asteraeceae-type 
seeds, a single Aphanes seed, and four irregular Anthem is/Chrysanthemum seeds. A 
reticulated cf. Ornithogalum was also recovered. The drupelets of Ficus carica are 
frequently found within the 378 non-wood specimens, with a total of 103 drupelets and 
three fragments of fig fruit flesh (with fig drupelets clearly embedded in the carbonized 
fruit matrix). In addition, 42 pieces of Pistacia nutshell were recovered along a single 
fragment of an unidentified nutshell type. 
Locus I 000: Structure Fill 
Continued excavation of Space 16 revealed another important phase of 
architecture. What had initially been interpreted as a stone bench feature along the south 
side ofwall350 (Makarewicz and Austin 2006: 21) was instead revealed to be the 
topmost level of stones comprising the first phase ofwall350. These carefully laid stones 
could also have served as a ledge for floor beams running north/south across the space. 
Because no windows or doors were found during excavation of the structure's walls, it is 
likely that Space 16 was accessed directly from above (Makarewicz and Austin 2006). 
Locus 1000 represents the deepest layers of secondary fill within the structure, 
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approximately one meter below the top ledge of wall 3 50. Locus 1 000 also directly 
overlies deposits (1001) associated with the Phase I plaster floor. 
Locus 1000: Archaeobotanical Discussion 
Sixteen liters were floated from the locus 1000 deposit with a total of 40.598 g 
light fraction recovered (Table 6.3). Seeds and other non-wood plant material (n=251) 
represent 6.51% of the assemblage (0.168 g), with a density of 15.688 identified 
specimens per liter of floated sediment. Seed types include cereals and chaff, lentils, 
many small-seeded legumes, wild taxa, and fig and pistachio nutshell. Six barley grains 
were recovered as well as 41 cereal grain fragments that could not be identified to the 
species leveL Cereal chaff is abundant: five domestic-type emmer wheat spikelet forks, 
18 glume fragments, one wild-type barley rachis, and 10 indeterminate wheat and barley 
rachis fragments. Other cultigens present include five lentils and two large-seeded 
legumes (also probably lentils). Fifty-one small-seeded legumes were identified from 
locus 1000, the most abundant of which are Astragalus and Trigonella. 
In addition to a number of unidentifiable wild grasses, wild taxa include A juga cf. 
chia, Aizoon hispanicum, a Coriander-type seed, Fumaria, Heliotropium, and a specimen 
tentatively identified as Ornithogalum (van Zeist and Bakker-Heeres 1982: 227) (Figure 
6.11). Fig pips and Pistacia nutshell are also abundant. Such a varied botanical 
assemblage that includes nearly equal amounts of cereals, small legumes, fruits and nuts 
is indicative of a midden-type deposit involving multiple modes of deposition. 
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Figure 6.11 A) Whole and fragmented Ficus carica seeds, B) archaeological Ajuga cf. 
chia (left) and a modemAjuga chia seed (right), C) Coriander-type seeds, and D) cf. 
Ornithogalum. (Scale= 1mm) 
Locus 1001: Floor Surface 
Locus 1001 is a deposit measuring one centimeter in depth, lying directly on top 
of the Phase I plaster floor (1 002) of Space 16 (Figure 6.12). When removing the 
structure fil11 000, excavators noticed a sudden change in color from a gray, midden-type 
sediment to a compact, sandy orange deposit (1001). The deposit contained noticeable 
pieces of charcoal as well as pieces of plaster from the floor directly below. In total, six 
distinct layers of plaster flooring were discovered below the sediment of locus 1 001. 
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Locus 1001 is associated with either the last use of the topmost floor surface, or the first 
stages of its abandonment. Excavators noted that patches of in situ charcoal/burning were 
distinctly visible on the topmost plaster floor surface. 
Locus 1001: Archaeobotanical Discussion 
Figure 6.12 The Phase I 
plaster floor uncovered 
within Space 16. 
From the 1001 floor surface, a four liter flotation sample was processed and 
analyzed. In total, 1.099 g ofmacrobotanical remains were recovered from the sample, 
35.66% of which are seeds and other carbonized non-wood material. Sixty-five non-
wood specimens were identified weighing 0.046 g (Table 6.3). Cereals are represented 
by seven grain fragments, two domestic-type emmer wheat spikelet forks, and one 
terminal spikelet. While just three large legumes are present (two lentils and one 
unidentified), a relatively large number (n=30) of small-seeded legumes were also 
recovered. Wild species include Glaucium, cf. Ornithogalum, and another Liliaceae type 
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(Figure 6.13). Perhaps the most interesting aspect of this assemblage is the fact that, 
despite overall low levels of preservation, a number of fruit pieces were recovered intact. 
Three fragments of Ficus carica fruit flesh (with visible depressions for pip attachments) 
and three pieces of fruit skin (also Ficus carica) were identified, along with seven fig 
pips. It is interesting that very little plant material was recovered from this context, yet 
that which did survive is often fragile in nature (e.g., small-seeded legumes, fruit 
fragments). The floor may ha~e been cleaned prior to its abandonment, and the remains 
within this thin orange lens of sediment may reflect both floor-related activities and post-
abandonment debris. 
A B 
Figure 6.13 A) Glaucium sp. seed, B) charred fruit flesh containing carbonized fig seeds. 
(Scale = 1 mm) 
6.3.4 Space 17 
Locus 408: Bin Feature Fill 
Like Space 16, Space 17 was extensively remodeled over time and appears to 
have been accessible only through its rooftop or second story. After its initial 
construction, Space 17 was divided into three areas, the most significant of which is a 
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small storage room containing two plaster bins (Figure 6.14). The bin on the western side 
of the space, locus 434, was filled with a compact brown sediment interpreted as 
secondary cultural fill. This fill, locus 408, has inclusions of plaster debris from the bin 
floor below, which laps up onto the sides of the walls, including the low wall separating 
the two bin features (locus 414). It is most likely part of an intentional infilling event of 
the entire space after its abandonment. 
Locus 408: Archaeobotanical Discussion 
Figure 6.14 Space 17 is 
divided into two bin 
features: to the left, a 
plaster bin containing locus 
40 8 sediment; and to the 
right, a plaster bin 
containing a human skull 
(denoted by arrow) and tool 
cache, surrounded by locus 
410 sediment. (Scale= 30 
em) 
A single 13-liter sediment sample was floated from the deposits oflocus 408. 
While 16.816 g of material was recovered in the light fraction, botanical preservation was 
very poor and most ofthe material was highly fragmented (less than 0.5 mm in size) 
(Table 6.3). Both wood and seed samples appear to be highly abraded with rounded 
edges and damaged surface features. Such poor preservation may be the result of 
prolonged exposure to the open air, perhaps before the sediment was deposited within the 
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bin feature. Approximately 92.1% of the analyzed sample was categorized as wood 
charcoal with non-wood seeds, chaff, and other plant parts comprising less than 8% of the 
assemblage. Low densities of non-wood specimens per liter of floated sediment (6.23 
specimens/L) and by weight (0.009 giL) were calculated. However, 81 individual non-
wood specimens were identified during analysis and these remains do provide a starting 
point for interpretation. 
Analysis revealed a total of28 cereal grains (three barley, seven emmer wheat, 
and 18 indeterminate fragments, including six with evidence of processing) (Figure 
6.15). Cereal chaff evidence was almost entirely of emmer wheat origin with just one 
indeterminate Hordeum spikelet fork present. In total, one domestic type rachis and two 
· terminal spikelets were recovered as well as seven glume fragments. Three large 
cultivated legume types were also recognized, including one large Lens 
orientalis/culinaris seed. Small-seeded legumes, however, are far more frequent within 
this sample. A total of 18 small-seeded legumes were identified, the most abundant of 
which are Astragalus (n=4) and Melilotus (n=5). In addition to a Bromus-type wild grass 
grain, locus 408 yielded two additional wild taxa, two Helianthemum seeds and two 
Lithspermum tenuiflorum nutlets. Fig drupelets and pistachio nutshell fragments were 
also present in small numbers. Overall, this assemblage includes a number of plant types 
from each of the main taxa categories (cereals, large legumes, small legumes, etc.). These 
remains are present in percentages typical of midden-type contexts across much of the 
Late PPNB site. Both cereals and small legume seeds are well represented, as well as 
over-represented numbers of fig and pistachio, typical of a mixed midden deposit. 
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Figure 6.15 A) Bromus cf. sterilis grain fragments, and B) Triticum dicoccum grain. 
(Scale= 1 mm) 
Locus 410: Bin Feature Fill 
Like locus 408 in the small western bin, locus 410 to the east has also been 
interpreted as a secondary bin fill context. The fill consists of brown silty clay with 
inclusions of plaster fragments and flakes. It is located within the bin (locus 413) to the 
east of short wall414. This feature consists of a pink-hued plaster basin, likely painted 
with red ochre, which laps up onto the walls on each of its sides. "While the bin may 
originally have functioned as a feature for food storage, it clearly became an important 
focus of ritual activity. Lying on the interior surface of the bin, excavators discovered an 
adult male skull and an associated artifact cache of stone knives, needles, bone tools, 
ochre, and an anthropomorphic figurine (Makarewicz and Austin 2006: 21). The skull 
and tools may have lain exposed in the bin and accessed from above for some period of 
time. As the function of the room changed and renovations were made, the bin was filled 
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with secondary fill, representing a mix of both primary (e.g, plaster fragments) and 
secondary deposits. 
Locus 410: Archaeobotanical Discussion 
The botanical assemblage from locus 41 0 bears a striking resemblance to that of 
locus 408, the contents of the bin just west ofwall414 in Space 17. It is likely that both 
loci are the result of post-abandonment midden dumping or intentional infilling of the 
room after its use as a storage area and subsequent ritual place. Although botanical 
preservation is poor, the assemblage does not appear to be a specialized deposit related to 
the human burial and artifact cache preserved within the bin. Instead, the deposits appear 
to be composed of generalized midden debris dumped across the space (into both bins) 
after bin 413 no longer served a ritual purpose. Thirteen liters floated from locus 413 
yielded 8.846 g oflight fraction material, 0.045 g of which was identifiable non-wood 
plant remains (n=62) (Table 6.3). Seed density is very low (0.003 giL) with just 4.769 
individual specimens identified per liter of archaeological sediment. 
A small number of cereal grains were recovered in the samples. Three barley 
grains and five indeterminate fragments are present, as well as two examples of processed 
grains fragments. Cereal chaff includes two barley spikelet forks, one of a wild type and 
the other with a ripped scar morphology (Figure 6.16). In addition, a single emmer wheat 
terminal spikelet was identified along with three wheat glume fragments. Only two large 
legume fragments were recognized (one Lens orientalis!culinaris, one large 
indeterminate), while small-seeded legumes are more abundant. Of the 21 small legume 
seeds identified, Astragalus (n=5) and Melilotus (n=3) are the most numerous, but many 
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(n=11) could not be identified to genus level given their poor preservation. Wild taxa are 
found in very small numbers, with a single Phalaris grain and Glaucium cf. corniculatum 
seed, as well as small amounts of fig, pistachio and Lithospermum tenuiflorum. 
A B 
Figure 6.16 A) Hordeum spontaneum rachis internode with wild-type abscission scar and 
intact base, and B) a Lens orientalis/culinaris fragment with partially preserved seed coat. 
(Scale = 1 mm) 
Locus 492: Midden/Sub-Floor Preparation 
Beneath the two plastered bins of Space 17, an organic gray-brown sandy silt was 
encountered (locus 492). This deposit may be related to the creation of the bins above, 
and perhaps was intentionally placed there to shape the bins. However, it is also situated 
under the wall dividing the two bins and is found beneath the major western wall 3 83, 
suggesting it may have been part of an earlier occupation or refuse disposal area. While 
excavators noted small amounts of wood charcoal and faunal remains in locus 492, 
extremely high levels of microvertebrate remains were identified (M. Belmaker, personal 
communication). These could be the result of burrowing and nests during a period of 
abandonment before intensive remodeling occurred. 
286 
Locus: 492: Archaeobotanical Discussion 
The botanical assemblage from locus 492 possesses a very interesting variety of 
carbonized plant remains. The 15 liters processed during flotation yielded 2.205 g oflight 
fraction material, 0.087 g of which comprised identifiable seeds (n=127) (Table 6.3). 
Seed density is relatively low with just 0.006 giL (8.467 identified specimens per liter of 
floated sediment). The seed to wood charcoal ratio is relatively high with 25.9% of the 
>0.5 mm assemblage represented as seeds and other non-wood remains. Few cereals were 
recovered during analysis, just 11 grains (two of which were identified as Hordeum), and 
three emmer wheat glume fragments. Large-seeded legumes were poorly preserved with 
just two specimens oflentils and four indeterminate medium to large legumes. However, 
small-seeded legumes are abundant with 68 individual specimens identified to the 
Astragalus, Melilotus, Onobrychis, and Trigonella genera. The most common of these is 
Astragalus with 17 specimens, followed by small-seeded legumes of indeterminate 
species (n=31 ). 
While no wild grasses were found, a number of other wild taxa were identified, 
including an Anthem is seed, two Glaucium and two Heliotropium seeds. Also present are 
what have been tentatively identified as Peganum harmala seeds and seed capsules 
(n=4). This plant is frequently found as a ruderal on disturbed soils (Willcox et al. 2007) 
and is known for its medicinal properties. Modem Bedouin use the ground seeds of P. 
harmala for the treatment of joint pain and toothaches (Bailey and Danin 1981: 150-151). 
Overall, this assemblage has very few cultigens and is dominated by wild taxa, including 
small-seeded legumes. The abundance of little legumes may suggest the presence of 
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seeds preserved in carbonized animal dung. This is evidenced by the presence of a large 
dung fragment most likely from a sheep/goat pellet measuring nearly 1 em in length. 
However, the level ofbioturbation within this assemblage (evidenced by the high number 
of microvertebrates) makes a single-deposition interpretation difficult. 
A B 
Figure 6.17 A) fragmented Onobrychis sp. exoskeleton, and B) various Astragalus spp. 
seeds. (Scale= 1 mm) 
6.3.5 Space 20 
Locus 563: Sub-Floor Channel Contents 
Space 20 witnessed at least three phases of construction which culminated in the 
creation of a two-story structural plan evidenced by a stairway and roof supports. During 
its :frrst occupation the space was a relatively large single-story space measuring at least 3 
m
2
, with one small window located in both its eastern and western walls (Makarewicz 
2010). Running beneath both these walls and across the space is a massive sub-floor 
channel (locus 561) (Figure 6.18). It is the largest sub-floor channel excavated at el-
Hemmeh thus far, measuring 70 em in depth and lined with small boulders (ca. 40 em). It 
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was covered with large flat slabs (ca. 50 dm in width) before a packed earth floor was 
built above. The contents of the sub-floor channel (locus 563) are described as a soft 
brown loamy silt ·with few charcoal inclusions. Excavators interpreted this homogenous 
sediment as a water- or wind-blown infilling of the sub-floor channel. 
Locus 563: Archaeobotanical Discussion 
Figure 6.18 The sub-floor 
channel found within Space 
20, running eastward 
beneath wall467. The 
channel was filled with a 
homogenous silty 
sediment. (Scale= 50 em) 
A four liter sediment sample was floated from locus 563 yielding 7.376 g oflight 
fraction material, 0.099 g of which is non-wood plant material (n=lll) (Table 6.3). The 
assemblage is predominantly composed of small-seeded legumes, many of which could 
not be identified to the genus level. Astragalus is the most common (n=16), followed by 
Trigonella (n=6) seeds. Ten poorly preserved cereal grains are also present, as well as 
one processed grain fragment. In addition, three domestic-type emmer wheat rachises 
were identified and two glume bases. Wild plant taxa include two cf. Ornithogalum, one 
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large Galium, and one Heliotropium seed. Small numbers of fig pips and Pistacia 
nutshell were also recovered. The density of seeds within this sample is moderate (0.025 
giL) with 27.750 specimens recovered per liter of archaeological sediment. Given the 
secondary/tertiary nature of this context, it is very likely that any carbonized remains 
made their way into the channel system from other locations within the site. The silty and 
fine-grained nature of the sediment also suggests that the contents of the channel may 
have been waterworked and moved throughout the channel system underground. 
Locus 562: Packed Earth Floor 
Also associated with the first use of Space 20 is a packed earth floor (locus 562). 
The floor is situated on top ofthe large sub-floor channel slabs, With a 10 em 
rubble/cobble fill in between the slabs and the floor surface. The floor is comprised of a 
compact sediment with a high percentage of organic material and very few stone 
inclusions. It bears a noticeable difference from the midden fill (locus 532) located 
directly above the floor deposit, which is likely a combination of roof collapse and 
midden disposal. 
Locus 5 62: Archaeobotanical Discussion 
An 11-liter flotation sample was processed from locus 562 and provided 4.620 g 
oflight fraction for analysis. One hundred eighty-seven non-wood carbonized plant 
remains were identified weighing 0.167 g, and these remains represent 22.8% of the total 
plant material identified from the sample (Table 6.3). The density of non-wood remains 
is moderate with 0.015 giL of archaeological sediment. Cereal grains are poorly 
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preserved (n=23) and only one could be identified to the genus level as Hordeum. Seven 
additional cereal specimens possessed the morphology of processed grain fragments 
ground/pounded, 23.33% ofthe total cereal grain assemblage. Chaff included a single 
wild barley rachis, a ripped Triticum dicococcum rachis fragment, and a single Triticum 
glume base. In addition to two Lens orientalis/culinaris specimens and three poorly 
preserved medium-seeded legumes, a very high number of small-seeded legumes were 
recovered (n=120). The most numerous small-seeded legume is Astragalus sp., followed 
by Trigonella sp. Although most were poorly preserved and could not be identified to 
genus (n=93), this sample stands out with one of the highest densities of small-seeded 
legumes across the site (8.181 small legumes per liter). Wild plant taxa are few, including 
single specimens of Heliotropium, Lithospermum tenuiflorum, and Salsola sp., as well as 
eight seeds of cf. Ornithogalum. In addition, fig pips and Pistacia nutshell are also 
present. Six dung fragments (greater than 2 mm), together with the large number of small 
legumes, suggest that this assemblage may contain charred sheep/ goat dung, in addition 
to processed cereals. 
Locus 485: Roof Collapse/Midden Fill 
Following the single-story occupation of Space 20, the space was used as a trash 
disposal area (locus 532). Eventually, the space was renovated and three new walls were 
constructed. The western wall contains three inset holes for roof beams, and the eastern 
wall possesses a 30 em ledge for beams at the same height (Makarewicz 2010: 24), 
suggesting the presence of a second story. A thick plaster floor was laid down (locus 529) 
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in the room and a set of stone steps (locus 516) was built up to the second story in the 
northern portion of the room. At some point, most of the plaster floor was intentionally 
removed, and the space was re-appropriated. Locus 485 comprises the sediment found 
within this space, measuring two meters from the modem ground surface to the 532 
plaster floor level. It is a mix of midden fill, second-story collapse, and primary deposits 
associated with the use of the first-floor space. Given the large number of burned plaster 
fragments and charred wooden timber pieces (some 30 em in lenth) within this fill, it is 
possible that the second floor burned and collapsed downward. A number of ochre-
stained groundstone artifacts were recovered ("breadloaf' -shaped handstones ), as well as 
complete caprid leg bones and red and yellow ochre sticks. This eclectic assemblage 
suggests that a variety of activities may have been carried out within the space or above, 
including the preparationJstorage of meat and the possible processing of ochre pigment. 
Locus 485: Archaeobotanical Discussion 
The 19.5 liters of sediment floated from locus 485 yielded a rich botanical 
assemblage of282 non-wood charred specimens weighing 0.145 g (Table 6.3). In total 
5.223 g oflight fraCtion material was recovered from the locus, 10.79% of which is seeds 
and other non-wood plant remains. Despite the number of seed specimens identified in 
this locus, non-wood density is low with just 0.007 g of non-wood plant remains per liter 
of floated archaeological sediment. Of the cereals identified (n=3 8), just five were 
recognized as Hordeum sp. grains, in addition to eight grain fragments with evidence for 
processing. The remainder were too fragmented and poorly preserved to be identified to 
genus. Cereal chaff is abundant for both barley and emmer wheat: five Hordeum rachis 
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fragments (two wild, one domestic, and two indeterminate), nine Triticum dicoccum 
rachis fragments (three domestic, four ripped, and two indeterminate), and 16 glume 
fragments (Figure 6.19). Cultivated legumes are found in fewer numbers, with only one 
specimen oflentil and one vetch, as well as four indeterminate specimens lacking testa 
and other diagnostic characteristics. Small-seeded legumes are better represented with a 
total of 112 specimens, the majority ofw~ch are Astragalus, Melilotus, and Trigonella 
seeds. Four types of wild grasses are also present with single specimens of Phalaris and 
Stipa grains. A Poa bulbosa bulbil and c£ Aegilops base were also identified. 
A B 
Figure 6.19 A) Domestic-type Triticum dicoccum rachis internode, and B) ripped-scar 
Triticum sp. rachis internodes with fragmented ventral surface. (Scale= 1 mm) 
The wild plant taxa from locus 485 are varied and intriguing as this is one of the 
few assemblages at el-Hemmeh containing wetland species, including a single Scirpus sp. 
seed as well as a seed from the Cyperaceae family. Other wild species include two Malva 
specimens with adhering pericarp, a Peganum harmala seed, four Helianthemum seeds 
and three Heliotropium seeds. A cf. Ornithogalum specimen was also identified, along 
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with multiple fig pips and Pistacia nutshell fragments. Two whole rodent-type dung 
pellets suggest that this assemblage may be a mix of cultural deposits disturbed and 
perhaps modified by animal activity. The overall botanical assemblage is likely a 
reflection of multiple events including architectural collapse from an overlying story and 
midden dumping, as well as a possible sheep/goat dung component given the large 
number of small-seeded legumes and wild taxa. 
6.3.6 Space 21 
Locus 487: Architectural Collapse/Structure Fill 
Space 21 is a 1.5 x 1.5 m room that, during its final use, likely served as a storage 
space accessed from above (Figure 6.20). Below the modem topsoil layer, excavators 
encountered a level of architectural collapse from the upper-story walls. These 
architectural stones were mixed with a low density oflithics and bone fragments in a silty 
sediment matrix. This deposit is likely the result of post-abandonment wall collapse 
following the intentional infilling of the structure with locus 491 fill. 
Locus 487: Archaeobotanical Discussion 
Macro botanical preservation oflocus 487 is quite poor, and much of the 6.095 g 
of light fraction material recovered from a single 1 0 liter sample was extremely 
fragmented. The density ofnon-wood specimens is very lowwithjust 0.008 giL and 
9.100 identified specimens per liter of archaeological sediment. Over fifty percent of the 
non-wood assemblage has been identified as cereals and cereal chaff, a likely product of 
294 
both poor preservation of smaller fragile seeds and the accumulation of cultural material 
during the collapse and infilling process. A large fragment of what appears to be dung 
Figure 6.20 The Space 21 
storage area with remnants 
of plaster flooring (white 
arrow). (Scale= 50 em) 
material was also identified. The botanical assemblage suggests that the deposit is 
composed ofre-deposited midden material, most likely accumulated from food-
processing activities. 
Of the 91 non-wood specimens analyzed, 34 cereal grains and 12 chaff fragments 
were identified (Table 6.3). The assemblage contains two barley grains and two emmer 
wheat grains as well as 26 indeterminate cereal grain fragments. Four grain specimens 
possessed the irregular break and bulging endosperm of processed grain. Barley chaff is 
composed of a single domestic spikelet fork, a single wild spikelet fork, and two 
indeterminate fragments. Although no emmer wheat rachis internodes were recovered, 
five glume bases and three additional glume fragments were identified. Just two legume 
fragments were identified, neither to genus level, in the large legume category. The 
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number of small-seeded legumes is a bit higher (n=16) with specimens of Astraglus, 
Medicago, Melilotus, and Trigonella identified. Wild plant species are very limited (a 
single Ornithogalum seed) along with three wild Poaceae specimens. These include a 
fragmented grain of Lolium, a tentatively identified cf. Aegilops base, and a stem culm 
node. Small numbers of fig drupelets (n=16) and pistachio nutshell fragments (n=7) were 
also encountered, as well as a large charred fragment of dung (weighing 0.009 g) that is 
not of a rodent type. 
Locus 491: Structure Fill 
Locus 491 is a midden-type context ofloose, dark brown sediment within Space 
21 directly below locus 487. While the upper layers within locus 491 have well-preserved 
organics and a high artifact content, deeper levels contain only small amounts of lithic 
debitage, faunal remains, and groundstone artifacts. The locus likely represents an 
intentional infilling with secondary midden material following the abandonment of the 
structure. This infilling event appears to be contemporary with the infilling of Space 31 to 
the north (loci 508/491), with structure fill homogenous throughout. 
Locus 4 91: Archaeobotanical Discussion 
Three samples from locus 491 were analyzed totaling 22liters. Excavators note 
that each of the samples came from the deepest levels of 491 directly overlying a plaster 
floor surface. Preservation ofbotanical remains is moderate to good with 5.144 g oflight 
fraction material in which 293 identified seed and chaff specimens (0.207 g) were 
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recovered (Table 6.3). Non-wood density is moderate (13.32 specimens/L) and 
represents 14.1% of the total macro botanical assemblage. 
In total, 108 cereal grains and grain fragments were recovered from this botanical 
assemblage. While four of these were identified as barley, 14 have been identified as 
emmer wheat (the second-highest number of wheat grains found in the Late PPNB 
contexts at el-Hemmeh) (Figure 6.21). Eighty-two grain fragments, however, were too 
poorly preserved to be identified as either wheat or barley. Eight processed grain 
fragments were also encountered. This botanical assemblage also contains a number of 
chaff remains, including five domestic wheat rachis internodes and two ripped scar 
specimens. In addition, two terminal spikelets and three internode fragments that could 
not be classified were noted. Emmer wheat glume fragments are also numerous with 17 
glume bases and two upper fragments. While large cultivated legumes are limited to three 
seeds (two of which are lentils), small-seeded legumes are far more frequent (n=70). 
While many could not be identified to the genus level, Astragalus (n=20) and Melilotus 
(n= 1 0) are abundant, followed by Trigonella (n=4). Wild taxa are few with the exception 
of a single cf. Ornithogalum seed and one Lithospermum tenuiflorum nutlet. However, 
wild Poaceae grains are plentiful (n=27). Unfortunately, due to their poor state of 
preservation, the fragments could not be identified further. Fig seeds are also found in 
relatively large numbers (n=3 8), in addition to other Ficus carica fruit parts. Three 
portions of Ficus fruit flesh were identified, with hollows for drupelet attachments on 
their interiors, as well as a single piece of reticulated fruit skin. 
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It is clear that preservation is variable in this assemblage and that some fragile 
remains have survived quite well. While wild taxa are very few, cereals are well-
represented in this assemblage, particularly emmer wheat grains and glume bases. Small-
seeded and legumes and poorly preserved wild grasses are also abundant, suggesting a 
mix of cereal grains and crop-processing debris. 
A B 
Figure 6.21 A) Fragmented Hordeum spontaneum/ distichum grains, and B) Lens 
orientalis/culinaris with partially preserved seed coats. (Scale = 1 mm) 
Locus 553: Sub-Floor Preparation 
During the initial construction of Space 21, a north/south sub-floor channel was 
created under both Space 21 and 31. A layer of rubble was laid down on top of the sub-
floor channel top slabs, consisting primarily of cobbles and loose silty sediment (locus 
554). A thin layer of compact sediment was then deposited as a form of sub-floor 
preparation (locus 553) before a plaster floor was installed. In total, a series of three 
plaster floors was constructed directly over locus 553: a thin white/gray plaster floor, a 
thick gray floor measuring 1.5 em in thickness, and a dense white floor with yellow 
inclusions (Makarewicz 2010: 27). Excavators noted that the sediment oflocus 553 has 
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visible charcoal inclusions as well as plaster inclusions (most likely from the floors 
above). The sediment was probably brought in from elsewhere on the site andre-
deposited here before the floors were laid down. 
Locus 553: Archaeobotanical Discussion 
From a single 10 liter sample, 2.3 81 g of light fraction material was collected and 
analyzed. In total, 112 non-wood specimens were identified weighing 0.11 g (Table 6.3). 
The level ofbotanical preservation is below average with 0.011 g of non-wood specimens 
per liter (11.4 identified specimens per liter). Microscopic analysis also revealed 
extensive surface abrasion on the specimens and a high degree of warping. The level of 
damage lends credence to the idea that the material is re-deposited from elsewhere and 
does not reflect an in situ collection of refuse. 
Of the 19 cereal grains identified in the sample, a large percentage (42.10%) 
possess a morphology indicative of processing (n=8). Unfortunately, only a single 
Triticum dicoccum grain could be identified to species, while the other grains were too 
fragmented to be identified further. Analysis also revealed six chaff fragments, four 
glume bases and two additional glume fragments. The large legume category is primarily 
composed of Vicia fragments (n=4) and large and medium-seeded fragments which also 
likely belong to the Vicia genus (n=7). A much larger number of small-seeded legumes 
were recovered from locus 553 (n=57), including multiple specimens of Astragalus 
(n=11) and Melilotus (n=6). While no wild grasses were identified, specimens from four 
other wild taxa were recovered. These include a single Heliotropium seed and Malva cf. 
parviflora seed, as well as two tiny Helianthemum seeds. The largest concentration of 
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Lithospermum tenuiflorum nutlets was recovered in this sample (n=9) and could suggest 
a high level of bioturbation (perhaps before the re-deposition oflocus 553 sediment in 
Space 21), as ants are known to collect and redistribute Boraginaceae nutlets within their 
burrows (Borojevic 2011). Five fragments of an unidentified nutshell type were also 
discovered in this sample. The fragments possessed a circular shape with a 1.5 mm 
diameter, a rough interior surface with a linear ridge and smooth membrane, and a thinner 
shell wall than found in Pistacia fragments identified at el-Hemmeh. 
6.3. 7 Space 23 
Locus 555: Storage Feature Contents 
Space 23 possesses a complex history of construction and renovation (Figure 
6.22). Evidence for many phases of use and changing function are present in this area, but 
the relationships between phases are often skewed by later remodeling activities. Clearly 
the oldest and most substantial walls associated with Space 23 are 467 to the west and 
468 to the south (Makarewicz 201 0). At a later point, an eastern wall was created (wall 
558) with a small window. Within Space 23, a square storage feature was built and likely 
accessed through this window from outside the room (Figure 6.23). While the bottom 
depth of this storage space was not reached during excavation, the feature is delineated 
on its western side by wall536. The feature is only 40 em in width by 40 em in length 
and at least 60 em in depth. Inside the feature, a dark gray/brown sediment was 
encountered (locus 555) with a high density of cobbles (of varying sizes) and fire-cracked 
rock. Unlike the other fill contexts within Space 23, excavators noted an abundance of 
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silty sediment, wbich may indicate a mixing of midden infilling and arcbitectural 
collapse, or possibly a mixture of primary contents along with secondary deposits. 
Figure 6.22 Space 23, delineated by dotted 
line, with visible patches of plaster flooring 
and the cistern feature (covered) in the far 
west comer. View is looking westward. 
Figure 6.23 The niche 
within Space 23 filled with 
charred cereal grains and 
wood charcoal (locus 555). 
(Scale= 30 em) 
301 
Locus 555: Archaeobotanical Discussion 
The locus 555 botanical assemblage is very different from all other contexts 
encountered during analysis of the Late PPNB plant remains from el-Hemmeh. The 
assemblage represents either an in situ burning of a cereal grain store or a single dumping 
event of cereal-rich hearth contents. While 66% of the macro botanical material in the 
assemblage is wood charcoal, this wood content could have originated from either 
burning timbers in the storage area or from dumped hearth fuel. Given the presence of 
fire-cracked rock, an explanation of hearth waste seems more likely. An eight-liter 
flotation sample from locus 555 yielded 4.888 g oflight fraction and 534 non-wood 
botanical specimens, the highest number of specimens of any locus analyzed (0.485 g) 
(Table 6.3). Seed density was also at its highest with 66.75 specimens identified per liter 
of archaeological sediment, the overwhelming majority of which is cereal grain 
fragments. 
Within this assemblage, a surprising 29.1% of cereal grains display signs of 
processing before charring (n=l33) (Figure 6.24). They possess an uneven horizontal 
breakage across the grain with a protruding portion of endosperm at the surface (see 
Valamoti 2002). Very few whole grains from the 555 deposit were recovered Gust 9 out 
of 461 specimens, or 2.0%), and the assemblage is thus interpreted as an accumulation of 
intentionally fragmented grain. The assemblage closely resembles that of modern barley 
and wheat grains that were experimentally ground using a mortar and pestle (as described 
by Lindberg and White 2011). These grinding experiments resulted in the production of a 
coarse flour which, when experimentally carbonized, was shown to contain fragments 
302 
with the same diagnostic fragmentation pattern and bulging endosperm (Lindberg and 
White 2011). 
A 
Figure 6.24 A) Cereal grain fragment with evidence of processing, indicated by bulging 
endosperm at breakage point (black arrow), and B) whole Pistacia cf. atlantica nutlet 
with small insect hole. (Scale = 1 mm) 
Just two whole barley grains were identified from locus 555 and seven of emmer 
wheat. Carbonization at an intense heat severely distorted many of the grains in the 
assemblage, and the vast majority- 459 fragments- could only be categorized as 
indeterminate cereals. Chaff remains ofboth barley and wheat are, however, present in 
small numbers. Analysis revealed one domestic and one wild type Hordeum spikelet fork, 
as well as two indeterminate fragments. The emmer wheat chaff assemblage included 
four ripped-scar rachis fragments, as well as a single terminal spikelet. Glume fragments, 
including eight glume bases, were also recovered (n=12). No wild Poaceae grains were 
identified in the assemblage, but identification was difficult given the level of grain 
303 
fragmentation. In addition to two Lens orientalis/culinaris seeds, pulses included low 
numbers of small-seeded legume seeds. The most frequent of these is Astragalus (n=3) 
followed by Medicago (n=2) seeds and Onobrychis exoskeleton fragments (n=2). Very 
few wild taxa were identified in this sample, but those present do include two cf. 
Ornithogalum seeds, one Malva cf. parviflora, and a single Anthemis seed. Notably, a 
single whole Pistacia cf. atlantica nutlet was also identified, as well as four individual 
fragments of nutshell. Clearly the preservation of the locus 555 deposit is quite variable 
with a large number of charred and distorted cereal grains, as well as a well-preserved 
fragile pistachio nutlet and chaff fragments. The cereal assemblage is not likely a primary 
deposit charred in situ, but is instead the remnants of cooking activities which were 
transported and dumped into Space 23. 
Locus 513: "Cistern" Feature Fill 
In the southwest comer of the space at the intersection ofwall467 and 468, a 
vertical, stone-lined feature was created resembling a cistern or well (Makarewicz 2010: 
17 -18) (Figure 6.25). Excavators determined that the circular feature reached a depth of 
at least 70 em and likely extends deeper into an empty space below the stone-lined shaft. 
The sediment found within the shaft is described as a loose, brown sandy silt with very 
few inclusions. Some fire-cracked rock was recovered, as well as a single groundstone 
quem, but most artifacts recovered are from the topmost layers of the 513 fill. The feature 
was most likely intentionally infilled after its abandonment, but excavators report that no 
capping or plastering-over of the feature was encountered during their excavations in the 
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comer of Space 23. Instead, a series of thick plaster :floors (locus 465) meet the edges of 
the feature (although it is possible that a pmiion of the :floors were "punched out" to 
access the feature at a later date). These plaster :floors also lap up onto the plastered walls 
of the room and are uniquely decorated with painted red and white lines running toward 
the feature. Fragments of deep red plaster are found painted on the wall directly behind 
the feature, locus 467. Such highly decorated :floors were not encountered elsewhere on 
the site and are likely associated with the use of the feature. 
Locus 513: Archae a botanical Discussion 
Figure 6.25 Space 23, following the 
removal of the plaster :floor (locus 465) 
and sub-floor debris (518/530). The 
cistern-type feature is visible (denoted by a 
white arrow), as well as a large sub-floor 
channel in the foreground. 
The contents of the Space 23 stone-lined feature appear have been deposited after 
its abandonment and may represent an infilling of both cultural and sterile deposits. The 
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two flotation samples totaling 16 liters were taken from the upper deposits of the feature 
fill where artifact density was highest From the 6.538 g oflight fraction material 
recovered, 276 seeds and other non-wood plant parts were identified (0.174 g) in the 
samples. The density of specimens identified is moderate, 17.25 per liter of 
archaeological sediment, and the ratio of non-wood to wood charcoal is moderate to low 
(11.80% of the assemblage is non-wood plant remains). 
Cereal grain fragments are the most abundant seed remains in the assemblage 
(n=78) along with a single barley grain, three emmer wheat grains, and 17 processed 
grains. Processed grain fragments represent 17.17% of the total cereal grain assemblage. 
Chaff remains from emmer wheat are also present in sizeable numbers with seven ripped-
scar spikelet forks, as well as single specimens ofboth wild and domestic (einkom) type 
rachis internodes. Additional indeterminate wheat and barley fork fragments were also 
found (n=2). Emmer wheat glume fragments are represented by nine glume bases and 
five additional fragments. The large-seeded cultivated legume category contains single 
specimens of both Lens orientalis/culinaris and Vicia sp. (Figure 6.26). Small-seeded 
legumes, discussed above, are most frequently represented by seeds identified as 
Astragalus (n=18) and Melilotus (n=18). Just a single wild grass type was recognized, a 
likely bromegrass (Bromus danthoniae-type ). Other wild taxa include a seed most likely 
from the Liliaceae family, a single Malva cf. parviflora specimen, and five reticulated cf. 
Ornithogalum seeds. While some species are known to possess low levels of toxicity, the 
bulbs of others can be collected for human consumption (Colledge 2001: 90). A large 
number of fig drupelets were also recovered from locus 513 (n=37) as well as a single 
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fragment of Ficus fruit flesh. Nutshell included both Pistacia shell fragments, and an 
unidentified nut type measuring 1. 7 5 rom in length with a reticulated exterior and slightly 
striated interior surface. 
A B 
Figure 6.26 A) Two cotyledons of a large-seeded legume seed (covered in calcite 
concretion), and B) a Vicia sp. seed with intact seed coat. (Scale= 1 rom) 
The contents of this feature are most likely redeposited midden material from 
elsewhere in the site, perhaps dumped in as a final infilling of the feature. The botanical 
assemblage is midden-like in composition with sizeable numbers of culiivated foods, 
including cereals and large legumes. Wild taxa, including wild grasses, are found in very 
low numbers. A unique specimen was identified within this deposit- a Triticum 
monococcum (einkom wheat) spikelet fork. Carbonized dung fragments of non-rodent 
origin (>2 rom in size) may have come from burned sheep/goat droppings. This is 
corroborated by a great quantity of small-seeded legumes (n=80), many of which are 
heavily abraded and may have originated from caprine dung. 
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Locus 464: Floor Surface/Midden 
The deposits of locus 464 directly overlie a series of decorated plaster floors ( 465) 
surrounding the "cistern" feature in Space 23. The compact, silty brown sediment 
contains a moderate amount of flint nodules and fire-cracked rock, as well as an 
abundance of charcoal inclusions. Architectural collapse is noticeably absent from this 
deposit, suggesting that the deepest levels of locus 464 may be related to the function of 
the structure or were deposited immediately after its abandonment, when the room 
became a place ofrefusal disposal or was, alternatively, intentionally infilled for later 
reuse. 
Locus 464: Archaeobotanical Discussion 
The relationships between the locus 464 deposit and other loci analyzed from 
Space 23 (i.e., 555, 513, 518/530) are very complex. In some ways, locus 464 resembles 
the ground cereal deposit of555 with 74.41% of its botanical assemblage classified as 
cereal grains or cereal chaff (n=64). However, it contains far fewer small-seeded 
legumes, and the percentage of processed grains (23.52%) is not quite as high as locus 
555. Furthermore, the locus 464 deposit is situated directly on top of a series of plaster 
floors nearly half a meter above the locus 555 assemblage. It is unlikely that these 
deposits are related in terms of temporality or method of deposition. It is possible that the 
Space 23 area served as a location for cereal processing and roasting for a period of time 
and that many of the distinct loci within this area contain large numbers of cereals. In the 
case oflocus 464, the 1.677 g of light fraction material retrieved from five liters of 
flotation does not possess a high overall density of non-wood remains. A moderate 
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amount of non-wood specimens, 17.2 identified specimens per liter of archaeological 
sediment, were recovered here (0.016 giL). The ratio of non-wood to wood remains is 
also moderate with just 13.78% of the overall assemblage identified as non-wood plant 
material (e.g., seeds, chaff, nutshell, etc.). This suggests that locus 464 was not an in situ 
store of cereals but reflects the types of charring activities occurring in the area during the 
use of the plastered floor. 
Fifty-one cereal grains were identified in this deposit, 12 with evidence of 
fragmentation from processing. Three barley and three emmer wheat grains were 
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positively identified, as well as domestic-type emmer chaff. This includes three domestic 
emmer wheat spikelet forks and one ripped scar spikelet fork. Seven glume bases and two 
glume fragments of emmer were also identified. Cultivated legume types present include 
just three specimens: two Lens orientalis/culinaris fragments and one Vicia sp. seed 
fragment. Small-seeded legumes are also found in low numbers (n=5) with a single 
Medicago radiata identified to the species leveL No wild grasses or other wild taxa were 
found, except for a few fig drupelets (n=11) and fragments of Pistacia nutshell (n=3). 
Overall, this assemblage is exceedingly cereal-focused and contains very low numbers of 
small-seeded legumes when compared with other Late PPNB contexts. 
Locus 518/530: Sub-Floor Preparation 
The sediment comprising locus 518/53 0 surrounds the cistern feature of Space 23 
to the east and was deposited prior to the series of decorated plaster floors (earlier than 
locus 464). It likely represents one of at least two sediments intentionally deposited to 
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prepare and level the space for plaster floor construction. Locus 518/530 is just 5 em 
below the earliest floor and is separated from the floor by locus 505, a midden-type fill. 
Locus 518/530 is a layer ofloose rubble with many sandstone, limestone, and fire-
cracked cobbles. Unlike locus 505 above, this locus lacks a high density of artifacts and 
organics, although both lithic debitage and plaster fragments are present. 
Locus 518/5 3 0: Archaeobotanical Discussion 
The macro botanical assemblage from locus 518/530 suggests a poor level of 
charred plant preservation. From the seven liters of sediment floated and analyzed, a total 
of2.928 g of light fraction material were recovered. A very small percentage of the light 
fraction, just 7.28%, was identified as non-wood charcoal. This fraction included 62 
specimens (0.060 g) of primarily cereal grains, small legumes, and fruit and nut 
fragments. The density of non-wood specimens in 518/530 was also very lowwithjust 
8.857 specimens per liter of archaeological sediment (well below the overall average of 
~16 specimens per liter). These calculations attest to the low level ofbotanical 
preservation within this locus and the likelihood that the 518/530 sub-floor rubble fill 
contains midden-type material re-deposited from elsewhere on the site. 
A single barley grain and emmer wheat grain were recovered from the total cereal 
grain assemblage (n=22), which also includes four specimens with evidence of 
processing. Small numbers of chaff remains include three indeterminate barley rachis 
fragments, one domestic and one ripped scar emmer spikelet fork, and two emmer glume 
bases. A large vetch seed of the Vicia genus was also identified. Small-seeded legumes 
are more numerous (n=18) with abundant specimens ofbothAstragalus (n=7) and 
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Melilotus (n=4). Wild taxa are negligible with only a single Poaceae fragment and 
Lithospermum tenuiflorum nutlet present, in addition to fig drupelets (n=8), pistachio 
nutshell (n=4), and an unidentified nutshell type (n=4). 
6.3.8 Space 27 
Locus 527: Structure Fill/Midden 
Space 27 appears to have been created during the construction of other nearby 
spaces and rooms, including modifications to Spaces14 and 20 (Figure 6.28). Because it 
totals only one square meter in size, it has been interpreted as a storage area that was 
accessed from above (Makarewicz 2010: 8). Two phases of construction have been 
identified: the latest is indicative of architectural collapse and contains large flat stones. It 
has been heavily modified by Pottery Neolithic activity and modern agricultural 
terracing. The earlier Late PPNB phase of construction within Space 27 possesses 
plastered walls and a distinct structural fill. The locus 527 fill appears very midden-like 
with almost no architectural collapse and an abundance of charcoal and burned bone. 
Also present are a high number of rodent bones (M. Belrnaker, personal communication). 
The amount of organic material and rodent activity suggest the space may have served as 
a midden/dumping area for a period following its Phase I abandonment. 
Locus 527: Archaeobotanical Discussion 
From an eight liter flotation sample, 4.346 g oflight fraction was recovered 
(Table 6.3). Although the percentage of non-wood to wood charcoal remains is typical 
for a Late PPNB sample (12.9% ), botanical preservation is poor and only a few non-
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wood specimens were identified (n=50). Non-wood density is very low with just 6.250 
specimens identified per liter of archaeological sediment (0.005 giL). Despite the poor 
botanical preservation of the sample, the assemblage contains cereals, cereal chaff, 
legumes, and small numbers of wild taxa. The deposit appears to be a poorly preserved 
midden-type assemblage. Rodent bioturbation is attested by both microvertebrate bones 
and the identification of rodent dung (n=l) found during botanical analysis. 
Figure 6.27 Architectural collapse visible 
within Space 27looking northward (space 
delineated by dotted line). (Scale= 30 em) 
Of the 22 cereal grains identified, 19 could not be identified to genus leveL Two, 
however, were identified as barley and one as emmer wheat. Ten chaff fragments were 
also recovered. These include three indeterminate fragments of barley spikelet forks, an 
emmer wheat domestic spikelet fork, and an emmer ripped scar type. Analysis also 
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revealed an indeterminate spikelet fork fragment and four emmer glume fragments. Low 
numbers of large and small-seeded legumes were encountered, many of which could not 
be identified to genus level. Two Astragalus and one Onobrychis seed were identified 
within the small-seeded legume category. The wild plant taxa category included just one 
specimen, a seed of Glaucium cf. corniculatum, in addition to small numbers of fig (n=8) 
and pistachio nutshell (n=2). 
6.3.9 Space 30 
Locus 489: Architectural Collapse/Midden 
This elongated oval-shaped room was uncovered east of Space 32, and which 
shares wall495 with Space 27. Space 30 measures approximately 1.5 square meters in 
area and contains five stratigraphic levels of archaeological deposits (Makarewicz 2010: 
7). Sub-floor preparations and a well-prepared plaster floor were originally installed in 
this small space (locus 504) with plaster lapping up onto the walls 497 and 418. This 
floor was later partially removed, and locus 499 appears to be composed of debris from 
this intentional removal. Locus 489 is a layer of loose sediment lying directly on top of 
the partially-removed floor. Excavators interpreted it as a midden due to the increased 
presence of charcoal, bone, and artifacts such as groundstone and lithics. It is likely 
mixed with architectural collapse from layers above (locus 575) and contains a number of 
large architectural stones. 
Locus 489: Archaeobotanical Discussion 
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The 10.5 liter flotation sample from locus 489 yielded a small amount oflight 
fraction (2.402 g) the majority of which is highly fragmented and was recovered in the 
smallest size sieve (<0.5 mm). Eighty-four non-wood botanical specimens were identified 
for a total of 0.054 g, just 7.2% of the total plant assemblage (Table 6.3). Despite the 
prevalence of wood charcoal, however, it too was poorly preserved. The 2:1 mm ratio 
indicates that wood charcoal also has a high fragmentation rate and over 80% was found 
in the smaller size fraction. Non-wood density was very low with eight identified 
specimens per liter (0.005 giL). Microscopic analysis revealed a large quantity of modem 
ant remains as well as modem rootlets and uncarbonized Aizoon hispanicum seeds, most 
likely brought in through modem ant burrows. Charred dung fragments were also 
identified, both rodent (n=1) and a larger fragment. The large fragment is approximately 
8 mm in length and weighs 0.016 g. It may be part of a sheep/goat dropping given its size 
and impressions of what appear to be striated plant material. It is apparent that both 
modem and ancient sources ofbioturbation (i.e., ant, rodent) have affected the level of 
botanical preservation in locus 489, and that other animals (i.e., sheep/goat) may have 
been an important factor in the composition of the assemblage. 
Cereals are the most abundant plant category from locus 489 with 21 cereal grains 
and 13 chaff fragments. Two barley grain fragments were identified as well as 19 
indeterminate grains. Three wild barley spikelet forks and one indeterminate fragment 
were collected in addition to a number of emmer wheat chaff remains. These include two 
ripped scar spikelet forks, one terminal spikelet from the base ofthe spike, and three 
fragmented glume bases. Large legumes are far less numerous (n=3) and only one could 
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be tentatively identified as a lentil fragment. Small legumes, however, are plentiful 
(n=19). A variety of genera were identified including Astragalus (n=4), Melilotus (n=3), 
Onobrychis (n=2), and Trifolium (n=2). Two wild grass types are also present, an Avena-
type grain and a fragmented grain of Lolium sp. A single Chenopodiaceae seed could 
represent a modem but charred intrusion as preservation of this specimen was very good. 
A reticulated cf. Ornithogalum seed and two Lithospermum tenuiflorum nutlets (also 
possible modem intrusions) were also identified. 
6.3.10 Space 31 
Locus 508: Bin Feature Fill 
Space 3llies adjacent to Space 21 and measures at least 1.5 square meters in area. 
Its initial occupation is part of the original Late PPNB construction at the site (wall467, 
wall549, and initial flooring deposits such as 551) (Makarewicz 2010: 29). During a 
second phase of occupation, the space was decreased by the creation of a partition wall 
and a plaster-bottomed bin (Figure 6.28). The bin measures 125 em in width and 50 em 
in depth, with a height of 120 em. It is separated from the (unexcavated) eastward area of 
Space 31 by a single-course stone wall, locus 511. The deep bin feature is lined with at 
least seven distinct plaster coatings (with a total thiclmess of7 em) that lap up onto the 
vertical walls and create a bathtub-like appearance. The sediment inside the feature is 
locus 508, a loose, dark brown fill with a low artifact density and very little bone. 
Excavators report that the only faunal remains recovered were the metacarpals of a 
juvenile sheep. It is likely that the bin was repeatedly cleaned out during its use and re-
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plastering. The fill discovered within the bin appears to be a intentional infilling event in 
which sediment from elsewhere was re-deposited in order to fill in and close the space. 
Locus 508: Archaeobotanical Discussion 
Figure 6.28 The partition wall and 
plaster-bottomed bin (denoted with arrow) 
within Space 31. The area to the right of 
the partition is unexcavated. 
A single nine liter flotation sample was collected from the northeast comer of the 
Space 31 bin. From the 2.161 g oflight fraction material recovered, 90 individual 
specimens of non-wood plant remains were recovered (0.064 g) (Table 6.3). Preservation 
is below average with just 10 non-wood specimens identified per liter of archaeological 
sediment (0.007 giL) and wood charcoal constituting the majority of the botanical 
assemblage (85.4%). Wood charcoal is also highly fragmented with 67.3% found in the 
> 1 mm fraction, suggesting that the sediment comprising locus 508 may have been 
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exposed to the elements, reworked, and then re-deposited. The assemblage composition 
does not indicate any potential in situ plant storage and instead contains a large number 
of small-seeded legumes (n=43). This could suggest the presence of crop-processing 
debris or charred caprine clung from elsewhere on the site. 
Fourteen cereal grain fragments were recovered from the locus 508 sample, none 
of which could be identified to species. Three, however, did possess evidence of 
processing/ grinding prior to carbonization. Chaff fragments are few but are represented 
by one wild and one domestic barley rachis, as well as one indeterminate emmer wheat 
rachis fragment and a single emmer glume base. Large legumes are surprisingly 
numerous in this sample (7.8% ofthe non-wood assemblage) with a Lens fragment, 
partially preserved Vicia seed, and five indeterminate legume fragments. Small-seeded 
legumes are even more numerous and are the most abundant plant category discovered 
during analysis of this sample. In total, 43 small legume seeds were identified although 
many were too fragmented to be identified to genus level (n=18). The most common are 
Astragalus (n=5) and Melilotus (n=l2). Wild taxa are also present in the sample with 
single specimens of a Bromus sterilis type grain fragment, an Erodium seed, a Plantago 
seed, and a small Galium seed (Figure 6.29). None of these is frequently recovered 
within the Late PPNB deposits, although Erodium and Plantago are more abundant in the 
PPNA assemblage. It is possible that the locus 508 deposit could have been collected 
from outside the Late PPNB architecture, incorporating earlier cultural material, along 
with the legume-rich deposits that are most likely Late PPNB. 
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Figure 6.29 A) an Erodium sp. seed, and B) a small Galium sp. seed. (Scale = 1 mm) 
6.3.11 Space 32 
Locus 560: Floor Surface/Midden 
Space 3 2 lies directly east of Space 14 in the center of the site. It is bounded by 
walls 399 to the north, 570 to the east, 418 to the south, and 546 to the west. Like Space 
14, this area exhibits at least two phases of architectural building. The initial phase 
consists of a cell-type storage feature and is contemporary with the east-west wall 418 
(Figure 6.30). A thin plaster floor was laid down (locus 560) over the bins, which was 
most visible in the center of the bin space. Directly overlying the plaster floor was a 
midden-type deposit of compact brown sediment with inclusions of plaster debris, faunal 
remains, charcoal, and rodent remains (Makarewicz 2010: 9). This compact overlying 
sediment did not contain evidence of architectural collapse, although deposits above 
suggest that events of wall collapse did occur after the structure was abandoned. 
Locus 5 60: Archaeobotanical Discussion 
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Figure 6.30 Two storage bin features 
excavated within Space 32, on top of 
which a plaster floor was found partially 
preserved (level denoted by dotted lines). 
Five liters of archaeological sediment were floated from locus 560, resulting in 
4.832 g oflight fraction material (Table 6.3). The samples came from the sediments in 
direct contact with the surface of floor 560, resulting in a mixed assemblage of well-
preserved in situ floor deposits and midden remains accumulated after the abandonment 
of the space. A total of201 non-wood plant remains were recovered (0.129 g) with a very 
high non-wood density of 40.20 identified specimens per liter (0.03 giL). It must be 
stated that this density is notably high due to the over-representation of fig drupelets in 
the samples, as well as a very large number of small legume seeds. However, wood 
charcoal fragments are the dominant part oflocus 560 with 87.2% of the overall botanical 
assemblage (by weight). The assemblage composition is varied and contains cereals, 
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chaff, a few large legume fragments, and some wild taxa. Nearly 45.8% of the seed 
assemblage is composed of small-seeded legumes, many of which are poorly preserved 
and could not be identified further. Despite this poor level of preservation amongst the 
legumes, fruit parts are very well preserved including three fragile pieces of carbonized 
fruit exocarp (most likely Ficus carica). This indicates that botanical preservation in 
locus 560 is highly variable and suggests multiple depositional events or mixing of in situ 
and secondary remains. 
A total of24 cereal grains were recovered from the analyzed samples, only two of 
which were recognized as barley grains. Seven additional fragments showed signs of 
processing before charring. Barley chaff includes two ripped-scar spikelet forks and a 
single wild scar type. Three emmer wheat forks with ripped scars and ventral surfaces 
were also identified, as well as an indeterminate rachis fragment and six glume bases. 
The cultivated legume category is represented by five specimens: a single Lens 
orientalis/culinaris seed and four large- and medium-sized specimens that could not be 
identified further. Small-seeded legume types are by far the most abundant taxa in the 
assemblage (n=92) with at least four genera present, including Astragalus (n=9), 
Melilotus (n=14), Trigo nella (n=4), and Medicago (n=l ). The high percentage of small 
legumes that are too abraded or fragmented for further identification (69.6%) could 
suggest a sheep/goat dung origin for at least a portion of the assemblage. In addition to a 
single fragmented wild Poaceae grain, identified wild taxa include two Malva seeds, one 
with an adhering pericarp a1ong its dorsal surface, and a single tiny Helianthemum seed. 
Five specimens of cf. Ornithogalum were also recovered. Fig drupelets are plentiful 
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(n=3 8) although they could have originated from a single fig fruit, as could have the three 
fragments of fig fruit skin. The pieces are warped from carbonization with a slightly 
rough exterior surface texture. While one fragment contains a smooth interior, the other 
two possess multiple pockets for drupelet attachments. 
6.3.12 Space 33 
Locus 455: Hearth Feature Contents 
Excavation in 2005 revealed an extramural space (33) along a major northern wall 
(120) which may have served as a courtyard area during the Late PPNB and PPNC 
periods (Makarewicz 2010: 9) (Figure 6.31). In order to explore the stratigraphy of 
deposits within this area, a 1 x 2 m test trench was excavated in 2007, revealing nine 
distinct layers of cultural deposition. Beneath the hard-packed earthen surface first 
exposed in 2005 lay a hearth feature (locus 455) and related plaster floor ( 454). The 
hearth feature contained a black/dark gray sediment with an abundance oflarge wood 
charcoal pieces (> 10 em). Unburned juvenile ovicaprid remains were recovered from the 
border of the hearth where it met the degraded and fragmented plaster floor. Excavators 
suggest the hearth may have been inset into the plaster surface, but poor preservation of 
the feature limits an understanding of the relationship between these two contexts. 
Locus 455: Archaeobotanical Discussion 
The contents of this hearth feature are, unsurprisingly, predominated by wood 
charcoal fragments (97.3%). Many white plaster fragments were found in the sample as 
well. Very few seeds were identified in the locus 455 assemblage. From a very small 0.5 
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Figure 6.31 The possible courtyard area (Space 33) to the north of the site, in which a 
test trench was excavated. (Scale= 1m) 
liter sample taken from this feature, 20 non-wood specimens were identified (0.044 g) 
(Table 6.3). The density of non-wood remains, however, is very high with 40 specimens 
identified per liter of floated sediment (0.09 giL). Despite the excellent level of seed 
preservation, very little information to be gleaned from the composition of this small 
assemblage. It is predominated by small-seeded legumes (n=5) and cereal chaff (n=5). 
Seeds of Medicago are the most prevalent small legume (n=3), and two large lentil 
fragments were recovered as well. The only diagnostic specimens of the chaff 
assemblage are a single wild barley spikelet fork and three emmer wheat glume bases. 
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Two indeterminate cereal grains were also recovered. Interesting finds include two 
charred Chenopodiaceae seeds (2 of only 3 identified in the entire Late PPNB 
assemblage) and three pieces of charred cf. Ficus carica fruit skin. The survival of these 
:fragile remains indicates a high level of preservation for non-wood material despite the 
predominance of charcoal in the feature. 
Locus 45 6: Midden 
Beneath the hearth 455 and fragmented floor 454, a brown-gray sediment was 
uncovered in the courtyard area. This silty sediment contained a substantial amount of 
unburned bone fragments, lithic debritage, and degraded plaster fragments. A diagnostic 
Byblos point found within the 456 deposits allows this context to be securely dated to the 
Late PPNB. The locus was interpreted as a homogenous, poorly preserved deposit of 
cultural debris accumulated prior to the construction of floor 454 and creation of the 455 
hearth feature. 
Locus 45 6: Archaeobotanical Discussion 
The botanical material recovered from locus 456 was identified entirely from the 
micro-sieving of six samples of archaeological sediment. Similar to the results obtained 
through flotation, the majority of the recovered material is composed of wood charcoal 
fragments (n=27) with only two seeds identified (Table 6.4). A single large Vicia 
specimen (0.020 g) with a partially preserved seed coat was recovered, as well as a single 
cereal grain :fragment. In addition, micrscopic analysis revealed what is most likely a 
charred caprine dung pellet. The pellet is halved and its rough interior matrix contains 
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impressions of plant material. From these few remains, an interpretation of the deposits is 
impossible, although the dung does suggest the possibility of burning of stabling deposits 
or use of dung fuel within the site. 
Locus 461: Midden 
Beneath the locus 456 midden, excavators uncovered another richer midden 
deposit (locus 461). They noted an increase in lithic artifacts, faunal remains, wood 
charcoal, and red-painted plaster inclusions. A large number of cobbles and stones were 
also found within this stratum and may perhaps suggest a re-working or re-deposition of 
midden material into the courtyard area from elsewhere. Based on the low number of 
microvertebrate remains recovered during micro-sieving efforts, the ashy, dark gray 
sediment of 461 appears to have been only slightly bioturbated (M. Belmaker, personal 
communication). Three orders of micro vertebrates are present within this locus, including 
an unidentified rodent, an unidentified fish, and an unidentified reptile (each represented 
by one or two individuals) (White and Belmaker 2008). A low density of microvertebrate 
remains (n=l3) and a lack of digestion marks on their surfaces is consistent with a pattern 
of "background" fauna. This suggests that the midden context did not undergo a 
significant amount of bioturbation, as might have occurred with a nearby animal burrow. 
Locus 461: Archaeobotanical Discussion 
The level of botanical preservation from locus 461 substantiates the 
archaeological interpretations ofthe microvertebrate assemblage. Wood charcoal is 
exceedingly well preserved with the highest ratio of 2:1 mm charcoal of any Late PPNB 
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context analyzed from el-Hemmeh. A high percentage, 69.4%, of wood charcoal 
fragments were recovered in the > 2 mm size fraction. Wood charcoal is far better 
represented in the botanical assemblage than non-wood elements such as seeds and chaff 
fragments. Just 65 specimens of non-wood plant material were identified during analysis 
(0.046 g), while a much larger amount of wood was recovered (6.019 g). A surprising 
99.2% of the total assemblage is composed of wood charcoal, the highest wood charcoal 
percentage of any Late PPNB sample. The locus is thus interpreted as a deposit 
accumulated from the disposal of hearth contents. Small amounts of charred cereals, 
legumes, wild grasses, fruits and nuts were also identified. It is likely that this deposit 
represents multiple hearth-dumping events that were quickly covered by other cultural 
deposits, minimizing disturbance and carefully preserving the wood charcoal assemblage. 
Of the 65 non-wood specimens identified, 22 are cereal grains and 6 are chaff 
fragments. Two barley grains were recognized as well as a single processed cereal grain 
fragment. The chaff assemblage is entirely domestic and includes one ripped-scar barley 
spikelet fork and two domestic emmer wheat fragments, in addition to three emmer 
glume fragments. Low numbers of both large and small legume seeds were also 
identified. Analysis revealed three medium-sized (>1 mm) legume seeds and 15 small-
seeded legumes. These include four Astragalus specimens and two Onobrychis 
exoskeleton fragments, although the remainder were too fragmented for further 
identification. A relatively large number of wild Poaceae grasses were also recovered 
from the locus 461 samples (n=8), two ofwhich were identified as thinBromus sterilis-
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type grains. Other wild taxa included only a single Lithospermum tenuiflorum nutlet and 
small number of fig drupelets (n=6) and pistachio nutshell fragments (n=4). 
Locus 470: Floor Surface 
Locus 470 is comprised of a dark brown, coarse sandy sediment containing 
charcoal, unburned bone fragments, lithic debitage, and rough plaster pieces. It represents 
a midden-type deposit abutting and underlying a hearth feature in the courtyard area 
(466). The specialized hearth feature, containing patches ofwhite ash, wood charcoal, 
and yellow and red ochre pieces, also contained "breadloaf' groundstone artifacts with 
traces of ochre on their utilized surfaces. Makarewicz suggests that the feature may have 
functioned as an activity area for red, yellow, and white plaster production during the 
Late PPNB (2010: 10). Locus 470 represents the deposits directly surrounding this 
specialized feature. 
Locus 470: Archaeobotanical Discussion 
A single four-liter flotation sample was processed from locus 470 providing a 
total of0.419 g oflight fraction material. A moderate 20.7% of the >0.5 mm material was 
identified as non-wood botanical specimens (0.052 g). Of these 56 specimens, over half 
were identified as small-seeded legumes from such genera as Astragalus and J.Yfelilotus 
(n=29) (Table 6.3). The high percentage of small legumes suggests a field weed 
component in this deposit or the possible disposal of burned caprine dung. Whether these 
remains might be associated with the locus 466 production feature, potentially in the 
context of dung fuel use, is unclear given the level of bioturbation in the area (evidenced 
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by a rodent burrow in the northern portion of the test unit). The small number of seeds 
recovered from this area further limit the extent of interpretation for the locus 4 7 0 
deposits. 
Eleven cereal grains were counted in this sample, four of which were identified as 
cultivated-size Hordeum spontaneum/distichum grain fragments. In addition, one 
domestic emmer wheat spikelet fork and four emmer glume fragments were encountered. 
Large legume seeds are limited to a single Vicia ervilia fragment with a partially 
preserved hilum and another large legume fragment which is also likely of the Vi cia 
genus. Small legumes are far more numerous with multiple seeds of Astragalus (n=5), 
Melilotus (n=8), and Trifolium (n=5). The largest quantity of Medicago radiata seeds was 
discovered in this sample (n=3) with only 13 total discovered from the Late PPNB 
deposits. The species is found in steppe and desert-steppe environments (van Zeist and 
Bakker-Heeres 1982: 225). Also in the flotation sample, two fig drupelets and seven 
pistachio fragments were recovered. In the three dry sieved samples from locus 466, no 
wood charcoal was recovered. However, a Hordeum spontaneum/distichum and Tritium 
dicoccum grain fragment were both identified, as well as another Vicia ervilia seed and 
wild Lolium grain. 
6.3.13 Loci without Spatial Designations 
Locus 141: Architectural Collapse/Floor Surface 
The locus 141 deposit is comprised of compact, gray sediment with abundant 
stone slabs, wall mortar fragments, and wall plaster pieces (Figure 6.32). The deposit 
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was found within a semi-rectangular room excavated during the 2004 field season, Unit 
448E/224N. Excavators have interpreted the locus as evidence of an event involving the 
partial collapse of wall/roofing material within the structure. Extant wall architecture 
measures over two meters in height and contains a ledge for support of a second story, as 
well as a set of possible stone steps to the upper level (Makarewicz et al. 2006: 184). The 
rubble deposit is situated on a degraded plaster floor (locus 143) within the structure and 
is intermixed with primary deposits associated with the floor, including a collection of 
groundstone artifacts and flint awls. Also intermixed with building materials are artifacts 
including carved beads, complete blades, and a single Late PPNB Byblos point. The level 
of preservation of the building materials is very good, and many plaster wall fragments 
possess markings and visible designs in red-ochre paint. 
Figure 6.32 Locus 141 (between dotted 
lines) is a mixture of architectural stone, 
mortar fragments, and wall plaster within 
Unit 448E/224N. 
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Locus 141: Archaeobotanical Discussion 
Despite the level of preservation of non-organic remains in locus 141, 
macro botanical preservation was quite poor. Seventeen liters of sediment were floated 
from this context yielding 19.69 g of charred plant material (Makarewicz et al. 2006: 
196-197). Only 0.029 g of charred plant material was identified as non-wood botanical 
remains (n=19), with a density of just 1.12 specimens per liter of floated archaeological 
sediment. Cereal remains include two Hordeum spontaneum/distichum grains and two 
domesticated-type Triticum dicoccum spikelet forks. Wild grass species are limited to six 
Lolium-type grains and three Phalaris sp. grains, as well as a single Poaceae culm node. 
Also present are a small number of small-seeded legumes, only one of which could be 
identified as a Trifolium type. A single Fumaria sp. seed was also identified. Given the 
poor level of preservation, very little can be said about the origin of this assemblage. Low 
numbers of edible cereals, crop-processing debris and field weeds suggest a poorly 
preserved assemblage indicative of archaeobotanical "background noise" across the Late 
PPNB deposits ofthe site. 
Locus 145: Subterranean Bin Contents 
Also within the semi-rectangular room of Unit 448E/224N, excavators uncovered 
a bin feature (F-1) within the northeast comer ofthe space (Figure 6.33). It is bordered 
by walls 139 and 140 and meets the edge of the degraded plaster floor, locus 143. The bin 
is stone lined and plastered, at least 80 em long and 50 em deep. Excavators note that the 
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sediment within the bin, locus 145, is noticeably different from the wall collapse deposit 
above, consisting ofloose gray/brown silty clay. The large number of cobbles and stone 
slabs within the bin feature suggest that the feature may have been intentionally infilled 
and then capped by three groundstone artifacts (two handstones and one pestle) found in 
its uppermost deposits. The sediment is likely a mix of floor sweepings and hearth refuse 
swept into the feature following its disuse, as well as the accumulation of debris as part of 
its intentional infilling. 
Locus 145: Archaeobotanical Discussion 
Figure 6.33 The comer bin 
feature within Unit 
448E/224N, plastered at the 
base and filled with silty 
sediment (locus 145). 
(Scale = 3 0 em) 
Three samples totaling 21liters were processed from locus 145 yielding 19.690 g 
oflight fraction material. A very large number of non-wood botanical specimens, 548 in 
total, were identified during microscopic analysis (Table 6.3). As these samples were 
sorted and analyzed in 2004, the data for 2:1 mm wood charcoal ratios are not available. 
However, calculations do reveal a high density of non-wood specimens per liter of 
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archaeological sediment (26.09 specimens/L) in the deposits oflocus 145, ranking fifth 
among the analyzed Late PPNB contexts. This high density is likely inflated by the large 
number of fig and pistachio fragments, totaling 107 specimens, and the density-by-weight 
calculations indicate only moderate density of non-wood remains (0.02 giL). The very 
large number of seeds and chaff specimens provide a robust dataset for interpreting the 
nature of this botanical assemblage and its potential modes of deposition. Firstly, it is 
clear that no taxon is dominant in a manner that provides evidence of an in situ food 
storage accumulation within the bin. Plant remains are instead likely to have originated 
from secondary debris swept into the bin and infilling with local midden deposits. Cereal 
chaff fragments (20.4%) are well represented, as are small-seeded legumes (21.2%), 
suggesting a component of crop-processing material and leguminous field weeds. 
Whether the high number of small legumes could potentially also indicate the use of 
caprine dung fuel is unclear. Many of the specimens are too abraded and fragmented to 
be identified further, and no dung fragments were recovered in the samples. 
A large number of cereal grains (n=135) are present, 19 of which possess 
evidence for processing prior to carbonization. While just seven grains were identified as 
Triticum dicoccum, 32 were readily identifiable as Hordeum spontaneum/distichum. 
However, emmer wheat chaff is represented in much larger numbers than barley, with 12 
domestic spikelet fork fragments and one wild fork, six ripped scar forks, and three 
terminal spikelets. In addition, 11 emmer forks were too fragmented for further 
identification. Emmer wheat glumes are also abundant with 67 specimens, including 31 
intact glume bases. Barley chaff remains are fewer in number with five domestic type 
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spikelet forks, three wild, and four indeterminate fragments. In total, chaff fragments 
(n=112) are almost as numerous as grain fragments and represent 45.3% ofthe cereal 
assemblage for locus 145. The only other well-preserved assemblages with similarly high 
percentages of chaff in the cereal assemblage are locus 485, a context of 
midden/architectural collapse (39.0%), and locus 353, also a midden/structure fill context 
(68.5%). 
A sizeable number of cultivated legume fragments were identified from locus 
145: five fragments of Lens orientalislculinaris, four fragments of a Vi cia type legume, 
and fifteen medium- to large-sized seed fragments. The number of small-seeded legumes 
is, however, much larger (n=116) although 93 seeds could not be identified to genus 
level. Ofthose small legumes that were identified, the most abundant are fragments of 
Onobrychis exoskeleton (n=3) and tiny Trifolium seeds (n=7). Wild grasses are also 
plentiful, and a surprising number of Lolium grain fragments were recovered (n=9) from 
the samples. These nine grains represent half the total assemblage of Late PPNB Lolium 
grains identified in all samples (n=18). An additional14 wild grain fragments could not 
be identified further than belonging to the Poaceae family. One of the most intriguing 
aspects of the locus 145 assemblage is the presence of25 Brassicaceae seeds, the only 
seeds from this family identified in the Late PPNB deposits. These seeds could be related 
to the original use of the bin, as Brassicaceae seeds are known to have been stored within 
bin features at other Neolithic sites (e.g., Fairbairn et al. 2006), although found in much 
higher concentrations than at el-Hemmeh. Other wild taxa include a single small Malva 
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seed, a fragment of an unidentified type of fruit pit with a striated surface, and large 
numbers of both fig drupelets (n=35) and pistachio nutshell fragments (n=71). 
Locus 305: Hearth Feature Contents 
Locus 305 is a substantial stone-lined hearth feature uncovered close to the 
ground surface during the 2006 excavations (Figure 6.34). It post-dates most of the Late 
PPNB architecture at the site and is likely from a PPNC period occupation. The oval 
feature measures nearly 1m x 70 em, and it is bordered by large flat-faced stones of 
limestone. The interior of feature is comprised ofloose, gray/black ash and fire-
blackened gravel, indicating an in situ burning event during its use. 
Locus 305: Archaeobotanical Discussion 
Despite the in situ nature of the deposit and noticeable amounts of gray ash, no 
macrobotanical remains were identified. A 5.5liter sample was floated but failed to yield 
any intact remains of seeds or wood charcoal. Of the 1 0.1 0 g of carbonized material 
recovered during flotation, 100% was found in the <0.5 mm size fraction and was too 
degraded to identifY. The sample did possess a density of 1.84 giL of total carbonized 
material, indicating that plant remains were likely present in the past. The abundance of 
ash in the feature suggests that there may have been complete carbonization of many 
botanical remains. However, the hearth feature may have been exposed to the open-air 
for some time after its abandonment, resulting in the eventual degradation of charcoal. 
Given the proximity of the feature to the modem ground surface, post-depositional 
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processes such as insect disturbance and water working may have further exacerbated the 
destruction ofmacrobotanical remains. 
Locus 333: Stone Surface/Platform 
Figure 6.34 An ash-filled, 
stone-lined hearth feature 
that post-dates the Late 
PPNB period. (Scale= 50 
em) 
During the 2006 excavation season, a portion of a floor surface or stone platform 
was uncovered. At least 13 stones were carefully arranged to create the surface, and an 
ashy, gray/brown sediment was packed between them. This in situ surface dates to a later 
period of the site's occupation, likely a PPNC occupation based on a nearby radiocarbon 
date (C. Makarewicz, personal communication). Similar-type platform features have been 
noted at modem Bedouin camps, where stone surfaces are used to secure tent poles in 
place. The high ash content of the sediment surrounding the stone platform suggests that 
hearth contents from locus 305 may have been transported across the surface during its 
use. Micromorphological analysis oflocus 333 revealed a dense concentration of faecal 
spherulites indicating the presence of sheep/goat dung (White 2007). Dung may have 
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been used as a fuel source in the nearby hearth feature or could indicate animal stabling 
deposits nearby. 
Locus 333: Archaeobotanical Discussion 
Figure 6.35 A stone 
pavement or platform 
feature surrounded by ashy 
sediment (locus 333), post-
dating the Late PPNB 
period. 
A 12-liter flotation sample'taken from locus 333 yielded 7.180 g of carbonized 
plant material (Table 6.3). While the majority of the assemblage is composed of wood 
charcoal (97.3%), a small percentage of seeds was recovered (2.7%). These specimens 
are predominantly cereal grain fragments and small Fabaceae seeds, weighing 0.106 g 
total (n=129). Both barley and emmer wheat grains are found in the sample, as well as a 
large number of cereal fragments that could not be identified to genus (n=73). Aside from 
a small number of glume fragments, chaff specimens are largely absent from the 
assemblage. Single specimens oflentil and vetch are also present in addition to poorly 
preserved medium-seeded legume fragments (n=12), including a possible Cicer arietinum 
(chickpea) specimen (Figure 3.36). Other identified seeds include a large Aphanes sp. 
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and six fragments of Pistacia nutshell. Overall, this assemblage points to an emphasis on 
cultivated cereals and legumes, with very little evidence for crop processing debris. The 
macro botanical picture does not seem to fit in with the micromorphological results, 
where we might expect the presence of sheep/ goat dung to be reflected 
archaeobotanically with high numbers of chaff and field weeds. However, given the 
unclear nature of this secondary PPN C context, a number of modes of deposition may be 
present. While the plant remains may indicate cooking evidence from a nearby hearth, the 
presence of sheep/goat spherulites may suggest (uncarbonized) stabling deposits nearby. 
A B 
Figure 3.36 A) Possible Cicer arietinum with partial seed coat, and B) large cf. Aphanes 
seed. (Scale = 1 mm) 
6. 4 Data Analysis 
The macro botanical specimens discussed in this chapter were identified during the 
analysis of 55 flotation light fraction sub-samples from el-Hemmeh PPNB contexts. The 
4810 non-wood macrobotanical specimens recovered from 336 L of archaeological 
sediment provide an extensive dataset from which to examine Late PPNB diet, 
agricultural practices, food-processing tasks, environmental setting and local vegetation, 
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and issues of botanical preservation. Wood charcoal identifications are not discussed here 
because they are being independently analyzed by E. Asouti at the University of 
Liverpool. However, the weights and fragmentation rates of wood charcoal found in the 
flotation samples are presented as a supplement to the non-wood plant data and provide a 
means of gauging context-specific macro botanical preservation rates. In this section, 
absolute counts of identified plant taxa are discussed by context and for the total Late 
PPNB assemblage. Presence/absence values for taxa are examined through ubiquity 
calculations. These calculations include only loci with a density of at least I 0 non-wood 
specimens identified per liter of archaeological sediment, 20 contexts total. Also 
discussed are seed:wood ratios and preservation rates of wood charcoal (>2 mm:> I mm) 
on a context-by-context basis. Non-wood densities (count/Land giL) are then examined 
to observe patterns based on context type as well as levels of preservation. Finally, non-
wood percentage distributions are discussed using the primary plant taxa groups (i.e., 
cereals, chaff, large legumes, etc.) to identify patterns in assemblage composition 
between context types, as well as issues related to deposition and preservation. 
6.4.1 Absolute Counts 
· Late PPNB macro botanical data is first presented in Table 6.3 as absolute counts 
of identified plant specimens for each analyzed context. Both raw numbers of specimens 
and their total weights (g) are given without any recalculation to account for issues such 
as whole vs. fragmented seeds or inconsistencies in sample size. Even with these 
acknowledged problems, absolute counts can provide a useful means of comparing 
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botanical assemblages between archaeological sites. Similar presentations of data have 
been published for the Late PPNB sites of Basta, Azraq 31, Dhuweila, and Wadi Fidan A 
in Jordan, and Ghoraife II, Ramad, and Ras Shamra in Syria (Neef2004a; Colledge 
2001) and are discussed further in relation to the el-Hemmeh assemblage in Chapter 7. 
Absolute counts are the product of a complete macro botanical dataset without any 
manipulation or adjustment by the analyst, allowing future researchers to utilize these 
raw data. 
Absolute counts for both individual taxa and grouped specimens (e.g, cereal 
grains) are presented in Table 6.3 with the fmal column representing the Late PPNB site 
totals. Comparisons between the absolute counts of the plant taxa categories are 
presented in Table 6.1. It is clear that the most well-represented categories are cereal 
grains (n=1517), small legumes (n=1263), and fruits and nuts (n=1033). While small 
legumes are generally only identifiable as whole specimens, both cereal grains and fruits 
and nuts have a high fragmentation rate. For cereal grains, the high rate of fragmentation 
is compounded by the additional evidence of intentional grain grinding. With nearly 17% 
of grain fragments displaying a breakage pattern consistent with grain 
grinding/processing, it is no surprise that overall grain fragmentation levels are high. 
Fruits and nuts also suffer from over-representation in absolute count data. A single Ficus 
carica fruit can produce thousands of individual drupelets, and the 592 fig specimens 
identified at el-Hemmeh could have originated from just a few fruits. A similar story is 
possible for the fragments of Pistacia nutshelL As fragmentation calculations in section 
5.3 .3 indicate, Pistacia nutshell possesses the highest fragmentation rate of any identified 
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taxa in the el-Hemmeh assemblages, and it is therefore present in much higher quantities 
than actual numbers of whole nutlets. 
While absolute counts are helpful for examining the overall botanical assemblage 
from a raw data standpoint, it is unhelpful to compare samples on a context-by-context 
basis. This is because sample size between contexts varies greatly, and the amounts of 
recovered material may often be related to the amount of sediment processed. Within the 
Late PPNB assemblage, sample size varies significantly from 0.5 L to 22 L. As such, 
absolute counts are oflittle value when attempting to make detailed interpretations of 
macro botanical data. 
6.4.2 Ubiquity 
One calculation that standardizes values without taking into account sample size 
or number of specimens is a measure known as ubiquity (Marston in press; Pearsall 
2000). Ubiquity is calculated by counting the number of samples in which a specific 
taxon occurs, often represented as a percentage. For example, a taxon present in five of 
ten samples would have a ubiquity of 50%. One potential issue with ubiquity is that 
widely varying preservation rates across the site may skew or obscure patterns of plant 
use (Marston in press, Popper 1988). In order to account for this issue, ubiquity measures 
at el-Hemmeh are calculated only for those contexts which have an overall preservation 
rate of 10 non-wood specimens identified per liter of floated sediment, or higher. Of the 
31 contexts analyzed, ubiquity percentages were calculated for 20 rich contexts (Table 
6.5). 
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Within these 20 Late PPNB contexts, all possessed both taxa identified as cereal 
grains and cereal chaff. Both barley grains and emmer wheat are frequently recovered: 
barley grain fragments are present in 75% of samples and emmer wheat is found in 50% 
of the samples. The ubiquity rates of chaff remains are quite interesting. Although equal 
numbers of wild and domestic type Hordeum spikelet forks were found in the 
assemblage, wild specimens were discovered in 12 contexts (60%) while only 9 contexts 
(45%) contained domestic forms. For emmer wheat, domestic forms dominate the chaff 
assemblage and represented in 55% of the contexts. Wild forms, in contrast, are found in 
just 15% of the contexts. Ripped-scar rachis internodes are also frequently encountered, 
particularly for emmer wheat. These "processed" forms (i.e., purposefully threshed or 
dehusked) have a ubiquity percentage of 55% for emmer wheat but only 5% for barley 
remains. This may suggest that the barley population, in a cultivated but semi-wild state, 
did not require the same steps of processing to separate spikelets as the fully 
domesticated emmer wheat crop. Evidence for an additional processing step, that of 
grain-grinding, is present in 15 of20 contexts (75%), indicating that cereal preparation 
was likely a significant and routine task of the day. 
While cultivated legumes are not found in nearly as large quantities as cereals, 
they are present across much of the site. Lentils and lentil fragments are found in 80% of 
the examined contexts, and vetch seeds (either as Vicia ervilia or another Vi cia sp.) are 
frequently identified as well (55%). In total, large legumes are found in 19 of20 
examined contexts for a total ubiquity of 95%. Small-seeded legumes are even more 
ubiquitous and are represented in 100% of Late PPNB contexts. The most ubiquitous 
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genera are Astragalus (80%), Melilotus (65%), and Trigonella (55%). In addition, hardy 
exoskeletal fragments from Onobrychis pods are found in many contexts (45%). 
Unlike their cultivated counterparts, wild grasses possess typically low frequency 
scores across the Late PPNB assemblage. In total, wild grains are found in just 12 of20 
contexts with a ubiquity of 60%. The most common of the wild grasses are Phalaris 
(25%) and Stipa (15%), both likely present as field weeds and components oflocal 
ruderal vegetation. Other wild/weedy taxa have varying rates of ubiquity. In total, 
specimens from the wild/weedy category are found in 90% of the analyzed contexts. The 
most ubiquitous taxon is Lithospermum tenuiflorum, whose silicified nutlets have a 
frequency score of 65%. The enigmatic seeds of cf. Ornithogalum are also recovered 
with relative abundance: specimens are present in 10 of the 20 contexts (50%). The 
Malva species, when taken together (large, small, and specimens with adhering peri carp), 
have a frequency score of 35%. This relatively high score is unsurprising given that this 
plant may be found as a crop weed, as well as intentionally collected in the spring for 
human consumption (Al-Qura'n 2010). The remaining wild species are found in fewer 
numbers- these include Heliotropium (30%) and Helianthemum (n=25%), as well as 
multiple taxa found in just one or two contexts. 
Specimens identified in the fruits and nuts category are ubiquitous across the site 
and present in 100% of the 20 rich contexts. Fig pips are found in 95% ofthe contexts 
and Pistacia nutshell fragments in 90%. An as-yet-unidentified nutshell type (1) was 
present in just 20% of contexts. Interestingly, both rodent pellets and caprine dung were 
recovered. However, their frequency scores are lower than might be expected (20%), 
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given that many of the contexts with identified dung fragments (3 of 5 contexts) 
possessed low seed densities and were therefore excluded from the ubiquity calculations. 
Table 6.5 Frequency scores for all taxa present within archaeological contexts yielding 
10+ non-wood specimens per liter of floated sediment (20 contexts total). 
Ubiquity % 
(n=20) 
Cereals 
Hordeum spontaneum/distichum grn 15 75% 
Hordeum distichum domestic rachis 9 45% 
Hordeum spontaneum wild rachis 12 60% 
Hordeum sp. ripped-scar spikelet fork 1 5% 
Hordeum sp. indet spikelet fork 8 40% 
Triticum dicoccum grn 10 50% 
Triticum dicoccoides gm 1 5% 
Triticum dicoccum/monococcum gm 1 5% 
Triticum dicoccum domestic spikelet fork 11 55% 
Triticum dicoccoides wild spikelet fork 3 15% 
Triticum monococcum domestic fork 1 5% 
Triticum sp. ripped-scar spikelet fork 11 55% 
Triticum sp. terminal spikelet 5 25% 
Triticum sp. indet spikelet fork 11 55% 
Triticum sp. glume base 18 90% 
Triticum sp. glume frags 13 65% 
Cerealia indet grn frags 20 100% 
Processed/ground grain frags 15 75% 
Total cereal grains and frags: 20 100% 
Total chaff: 20 100% 
Large Legumes 
Lens orientalis/culinaris 16 80% 
cf.Lens 1 5% 
Vicia ervilia 3 15% 
Viciasp. 8 40% 
cf. Cicer 1 5% 
Large-seeded legume indet 13 65% 
Medium-seeded legume indet 11 55% 
Total large legumes: 19 95% 
Small-Seeded Legumes 
Astragalus sp. 16 80% 
Coronilla sp. 3 15% 
lvfedicago radiata 7 35% 
Medicago sp. 10 50% 
Melilotus sp. 13 65% 
Onobrychis seed 6 30% 
Onobrychis exoskeleton frag 9 45% 
Scorpurius sp. 2 10% 
Trigonella astroites 5 25% 
Trigonella sp. 11 55% 
Trifolium sp. 6 30% 
Small-seeded legume indet :frags 20 100% 
Total small-seeded legumes: 20 100% 
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Table 6.5 Frequency scores for all taxa present within archaeological contexts yielding 
10+ non-wood specimens per liter of floated sediment (20 contexts total), (continued). 
Continued Ubiquity % 
(n=20) 
Wild Grasses 
cf. Aegilops base 1 5% 
Avena!Eremopyrum awn 1 5% 
Bromus sterilis-type grn 1 5% 
Bromus danthoniae-type grn 1 5% 
Lolium sp. grn 2 10% 
Phalaris sp. grn 5 25% 
Poa bulbosa bulbi! 1 5% 
Stipa sp. grn 3 15% 
Poaceae spikelet fork 4 20% 
Poaceae culm node 3 15% 
Poaceae indet grn :frags 7 35% 
Total wild Poaceae grains and frags: 12 60% 
Total wild Poaceae chaff: 7 35% 
Wild!W eedy Taxa 
Adonis sp. small-type 1 5% 
Ajuga cf. chia 1 5% 
Aizoon hispanicum 2 10% 
Anthemis sp. 2 10% 
Aphanes sp. 2 10% 
Asteraceae-type 2 10% 
Brassicaceae 1 5% 
Chenopodiaceae 1 5% 
cf. Coriander 1 5% 
Cyperaceae 1 5% 
Erodium sp. 1 5% 
Fumaria cf. densiflora 1 5% 
Galium sp.large-type 1 5% 
Galium sp. small-type 1 5% 
Glaucium cf. corniculatum 2 10% 
Helianthemum sp. 5 25% 
Heliotropium sp. 6 30% 
Li!iaceae-type 2 10% 
Lithospermum tenuiflorum-type 13 65% 
Malva cf. parviflora 3 15% 
Malva sp. with pericarp 3 15% 
Malva sp. small-type 2 10% 
cf. Ornithogalum sp. 10 50% 
cf. Peganum harmala seed 1 5% 
Plantago sp. 2 10% 
Salsola sp. 1 5% 
cf. Scirpus 1 5% 
Solanaceae-type 1 5% 
Total wild seeds and plant parts: 18 90% 
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Table 6.5 Frequency scores for all taxa present within archaeological contexts yielding 
10+ non-wood specimens per liter of floated sediment (20 contexts total), (continued). 
Continued Ubiquity % 
(n=20) 
Fruits and Nuts 
Ficus carica drupelet 19 95% 
Ficus carica fruit flesh 4 20% 
cf. Ficus carica fruit skin 4 20% 
Pistacia cf. atlantica whole nutlets 1 5% 
Pistacia sp. nutshell frags 18 90% 
Unidentified nutshell 4 20% 
Unidentified nutshell2 with fruit flesh 1 5% 
Unidentified fruit pit frag (striated) 1 5% 
Total pips, nutshell, and fruit parts: 20 100% 
Dung (>2mm frag, non-rodent) 2 10% 
Dung (<2mm whole, rodent-type) 2 10% 
6.4.3 Ratios 
The Late PPNB assemblage varies greatly in terms of number of samples 
analyzed per context and total liters of sediment floated per context. In order to account 
for high levels of data unevenness that might obscure patterns or affect archaeobotanical 
interpretations, ratios may provide a useful means of data standardization. The first type 
of ratio employed is the comparison ratio using the weight (g) of non-wood plant remains 
(e.g., seeds, nutshell, fruit pits, etc.) as the numerator and the weight of wood charcoal 
fragments (> 1 mm) as the denominator. Because the majority of wood material recovered 
from Near Eastern archaeological sites was intentionally used as domestic fuel (Miller 
2002: 90), wood charcoal is a useful denominator to control for overall botanical 
preservation levels. Here non-wood:wood comparison ratios are used to examine the 
assemblage composition for 29 Late PPNB loci and identifY the relative percentages 
between the two types of remains. In Table 6.6, loci are listed by context type along with 
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Table 6.6 Calculations of non-wood plant material (seed):wood ratios by Late PPNB 
context, with relative percentages of non-wood remains and ranking (top ten). 
Macro bot Wood 
Context Total Charcoal Seed: Wood % 
Type Locus Description Wt (g) Wt (g) Ratio Seed Rank 
Hearth 305 Hearth Feature Contents 0.000 0.000 - -
455 Hearth Feature Contents 1.646 1.602 0.027 2.7% 
479/481 Hearth Feature Contents 6.754 6.696 0.009 0.9% 
Floor 
Surface 141 Floor Surface/Architectural Collapse n!a n/a n!a n!a 
333 Stone Surface/Platform 3.986 3.878 0.028 2.7% 
464 Floor Surfacei.Midden 0.588 0.507 0.160 13.8% 
470 Floor Surface/Hearth Border 0.251 0.199 0.261 20.7% 7 
560 Floor Surfacei.Midden 1.005 0.876 0.147 12.8% 
562 Packed Earth Floor 0.733 0.566 0.295 22.8% 5 
1001 Floor Surface 0.129 0.083 0.554 35.7% 1 
Midden 456 Midden n!a n/a n!a n!a 
461 Midden 6.605 6.019 0.008 0.8% 
485 Midden/Architectural Collapse 1.344 1.199 0.121 10.8% 
555 Midden (Cereal store) 1.592 1.107 0.438 30.5% 2 
Structure 
Fi!I 145 Subterranean Bin Feature Fill n!a n!a n!a n!a 
353 Structure Fill 3.601 3.400 0.059 5.6% 
378 Structure Fill 1.160 0.980 0.184 15.5% 8 
408 Bin Feature Fill 1.420 1.308 0.086 7.9% 
410 Bin Feature Fill (Burial) 0.747 0.702 0.064 6.0% 
422 Structure Fill 1.115 0.986 0.131 11.6% 
487 Structure Fill/Architectural Collapse 0.357 0.281 0.270 21.3% 6 
489 Structure Fill/Architectural Collapse 0.747 0.693 O.D78 7.2% 
491 Structure Fill 1.467 1.260 0.164 14.1% 10 
492 Sub-Floor Preparation/Midden 0.335 0.248 0.351 26.0% 4 
508 Bin Feature Fill 0.440 0.376 0.170 14.6% 9 
513 "Cistern" Feature Fill 1.474 1.300 0.134 11.8% 
518/530 Sub-Floor Preparation 0.824 0.764 0.079 7.3% 
527 Structure Fiiii.Midden 0.286 0.249 0.149 13.0% 
553 Sub-Floor Preparation 0.421 0.311 0.354 26.1% 3 
1000 Structure Fill 2.580 2.412 0.070 6.5% 
Channel 506 Sub-Floor Channel Contents 0.951 0.892 0.066 6.2% 
563 Sub-Floor Channel Contents 0.929 0.830 0.119 10.7% 
the weight (g) of the macro botanical material identified in all samples from that locus. 
The non-wood:wood ratio is presented as a score indicating the weight of non-wood 
remains relative to 1 gram of wood charcoal. For example, locus 455 is a hearth feature 
with a non-wood:wood ratio of 0.027, indicating that 0.027 g of seeds, chaff, and nutshell 
are present for every gram of wood charcoaL These results were also calculated into 
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percentages(% non-wood) and ranked according to the highest percentages of non-wood 
plant remains. 
The context with the highest percentage of non-wood remains is locus 1001, the 
plaster floor surface from Space 16 (35.7%). Closely following with the second-highest 
percentage of non-wood material is locus 555, a well-preserved assemblage of processed 
cereal grains in Space 23 (30.5%). The third- and fourth-highest percentages are found 
within two loci identified as "sub-floor preparation" deposits, locus 553 of Space 21 
(26.1%) and locus 492 of Space 17 (26.0%). These loci are composed of re-deposited 
material that was intentionally added to fill and level the spaces before the construction of 
the plaster floors. The context with the fifth-highest non-wood percentage is locus 562 
(22.8%), a packed earth floor located in Space 20 discussed below. 
A number of patterns are observable. First of all, the sampled hearth features have 
surprisingly low percentages of non-wood plant remains, despite the fact that overall 
macro botanical material (g) is found in amounts comparable to other context types. These 
features possess non-wood percentages of 0.0%, 0.9%, and 2.7% and appear to be 
dominated by wood charcoal. However, the sample from locus 455 is very small (0.5 L) 
and the sample from locus 305 failed to yield any identifiable remains, despite a large 
amount of fragmented, degraded ash. Only the 479/481 feature from Space 12 possesses 
a robust wood-dominated assemblage, and this feature appears to be unique in terms of 
location as well as its slab-lined construction. The charred plant remains from this feature 
are extremely distorted and appear to have been carbonized at a higher temperature than 
seed specimens in other samples (particularly the cereals), suggesting that perhaps the 
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combustion conditions and botanical assemblage of 479/481 may not be representative of 
hearth features across the site. 
The context types with the highest percentages of non-wood plant remains are 
floor surfaces and mixed assemblages of midden and re-deposited fill material. Both floor 
surfaces 1001 and 470 possess similar botanical assemblages of cereals, small numbers of 
large legumes, larger numbers of small legumes, no wild grasses and few other wild taxa. 
Locus 562, however, contains a very high percentage of small legume seeds (70.0%) and 
the largest number of caprine dung fragments found in any context (n=6). Based on these 
inclusions, the floor assemblage in this larger room (Space 20) could indicate the 
presence of charred animal stabling deposits or the dumping of concentrated amounts of 
dung fuel. 
The single midden context with a high percentage of non-wood material is locus 
555, an assemblage of re-deposited cereal grains which likely burned elsewhere as a 
cereal store or hearth accident. The 555 deposit was then covered by a series of thick 
plaster floors in Space 23 which helped to preserve the grains. Two additional well-
preserved contexts, loci 492 and 553, were also covered by plaster floors. These contexts 
of sub-floor preparation are likely "recycled" midden deposits from elsewhere, but 
overlying plaster floors helped to limit the effects of bioturbation, weathering, and other 
disturbances. Thus it appears that for many of the contexts with the highest percentages 
of non-wood plant remains, post-depositional conditions are at least as important as the 
original botanical composition of the assemblage. The question then becomes whether the 
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non-wood percentage can be correlated with overall botanical preservation rates for each 
context. 
Another means of evaluating botanical preservation levels is through the use of 
wood charcoal fragmentation ratios. Here the fragmentation values for wood charcoal 
found in the 2 mm size fraction are compared with wood recovered in the > 1 mm size 
fraction. The greater the percentage of wood found in the larger fraction, the less 
fragmented the sample is considered to be (Shelton 2008: 187). In Table 6.7, wood 
fragmentation data are presented for each context by total weight (g), the ratio of2:1 mm 
charcoal, and the percentage of charcoal fragments that are 2 mm or larger. These results 
are then ranked and the top-ten best preserved samples are identified. 
As with the percentages of non-wood remains, wood charcoal fragmentation rates . 
are not related to context type. The contexts with the lowest rates of fragmentation (and 
thus the highest percentages of 2 mm wood) belong to four of the five context types, with 
only sub-floor channel contents excluded. In fact, most of the loci in the top-ten ranking 
(6 of 1 0) also contain the highest percentages of non-wood material (see Table 6.6). 
These results indicate that for many of the contexts there is a direct relationship between 
the preservation rates of wood charcoal and the amounts of non-wood plant material 
recovered. Interestingly, these contexts have been identified as primary, secondary, and 
secondary/tertiary, and from various types of archaeological deposits (i.e., floor surface, 
midden, structural fill). The results suggest that while wood and seed preservation rates 
may be linked in some contexts, these rates are not a product of a specific context type or 
mode of deposition. Instead, what many of the contexts have in common is their relative 
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Table 6. 7 Calculation of wood charcoal fragmentation values by Late PPNB context, 
with percentages of>2 mm wood and ranking (top ten). 
2mm lmm 2:lmm %>2 
Context WoodWt. WoodWt. Wood mm 
Type Locus Description (g) (g) Ratio Wood 
Hearth 305 Hearth Feature Contents n!a n!a - -
455 Hearth Feature Contents 0.590 1.012 0.583 36.8% 
479/481 Hearth Feature Contents 3.626 3.070 1.181 54.2% 
Floor 
Surface 141 Floor Surface/Architectural Collapse nla n!a n!a n!a 
333 Stone Surface/Platform 2.566 1.312 1.956 66.2% 
464 Floor Surface/Midden 0.191 0.316 0.604 37.7% 
470 Floor Surface/Hearth Border 0.100 0.099 1.010 50.3% 
560 Floor Surface/Midden 0.355 0.521 0.681 40.5% 
562 Packed Earth Floor 0.228 0.338 0.675 40.3% 
1001 Floor Surface 0.043 0.040 1.075 51.8% 
Midden 456 Midden n!a n!a n!a n!a 
461 Midden 4.178 1.841 2.269 69.4% 
485 Midden! Architectural Collapse 0.412 0.787 0.524 34.4% 
555 Midden (Cereal store) 0.617 0.490 1.259 55.7% 
Structure 
Fill 145 Subterranean Bin Feature Fill n!a n!a n!a n!a 
353 Structure Fill 1.380 2.020 0.683 40.6% 
378 Structure Fill 0.480 0.500 0.960 49.0% 
408 Bin Feature Fill 0.530 0.778 0.681 40.5% 
410 Bin Feature Fill (Burial) 0.289 0.413 0.700 41.2% 
422 Structure Fill 0.338 0.648 0.522 34.3% 
487 Structure Fill/Architectural Collapse 0.044 0.237 0.186 15.7% 
489 Structure Fill/Architectural Collapse 0.130 0.563 0.231 18.8% 
491 Structure Fill 0.541 0.719 0.752 42.9% 
492 Sub-Floor Preparation!Midden 0.131 0.117 1.120 52.8% 
508 Bin Feature Fill 0.123 0.253 0.486 32.7% 
513 "Cistern" Feature Fill 0.599 0.701 0.854 46.1% 
518/530 Sub-Floor Preparation 0.299 0.465 0.643 39.1% 
527 Structure Fill/Midden 0.058 0.191 0.304 23.3% 
553 Sub-Floor Preparation 0.183 0.128 1.430 58.8% 
1000 Structure Fill 0.912 1.500 0.608 37.8% 
Channel 506 Sub-Floor Channel Contents 0.110 0.782 0.141 12.3% 
563 Sub-Floor Channel Contents 0.310 0.520 0.596 37.4% 
Rank 
5 
2 
8 
7 
1 
4 
9 
6 
10 
3 
stratigraphic locations: beneath a floor surface or beneath an overlying protective deposit. 
For example, the sub-floor preparation contexts (loci 492 and 553) were covered by 
substantial plaster floors, as were the charred cereal deposit (locus 555) and stone-lined 
hearth (locus 479/481). The thick overlying deposits served to protect the botanical 
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assemblages from high levels of disturbance and minimize levels of wood fragmentation 
and seed fracturing. 
For other contexts with well-preserved wood charcoal, the stratigraphic sequence 
is not quite so clear. One might initially guess that locus 461, the courtyard midden with 
the highest percentage of2 mm charcoal, would have been exposed during its use and 
potentially trampled and disturbed. However, its well-preserved wood charcoal and 
corroborating microfauna! evidence (discussed in the locus 461 context description) attest 
to low levels of disturbance and minimal animal activity in the deposit. The situation is 
similar for locus 513, the homogenous sediment found in the stone-lined "cistem"-type 
feature of Space 23. The high percentage of2 mm charcoal found suggests the charcoal 
was not significantly disturbed. This conclusion is logical because the feature seems to 
have been quickly infilled with sediment and protected from additional post-depositional 
damage by the feature's stone walls. 
The fmal type of ratio used to examine the el-Hemmeh botanical dataset is the 
density ratio, in which the numerator is the amount of non-wood material recovered from 
a given locus and the denominator is the volume of processed archaeological sediment 
(L). The calculations were carried out on a context-by-context basis with the amount of 
non-wood plant material, as well as the number ofliters, combined from multiple 
samples in some instances. Two variations of density calculations are discussed: one with 
the numerator as the weight (g) of non-wood specimens, and one with the numerator as 
the number of identified specimens (NISP). The inclusion of both calculations is 
necessary given the varying weights of seeds and other plant parts (ranging from 0.008 g 
350 
for large legume seeds to 0.001 g for wheat glume fragments) which could over-emphasis 
data from contexts with large numbers of heavy seeds. Additionally, as discussed in 
section 6.1, some taxa have high fragmentation rates (such as nutshell) or produce many 
seeds per single fruit (such as figs) and are thus over-represented when considering only 
NISP data. The non-wood density ratios for 32 loci are presented in Table 6.8 by context 
type along with the top ten rankings for each of the two methods. Locus 3 05 failed to 
yield any plant remains, and locus 456 was excluded because plant material was only 
retrieved via dry sieving. The average non-wood plant density for the 30 analyzed 
contexts by weight is 0.015 giL and, by NISP, an average density of 14.294 non-wood 
plant specimens/L. 
When contexts with the highest density ratios are observed, it is clear that most of 
the contexts (9 of 11, 81.2%) are present on both top-ten lists (for giL and NISP/L). This 
dual-presence indicates that varying fragmentation and seed weights are not major factors 
in the density calculations for these contexts. Two of the top loci possess particularly 
high densities of non-wood remains: a small sample from the locus 455 courtyard hearth 
(0.088 giL), and the large deposit of cereal grains from locus 555 in Space 23 (0.061 
giL). Other contexts with high densities of remains include locus 560, a floor/midden 
context from Space 32 (0.026 giL), and the sub-floor channel locus 563 from Space 20 
(0.025 giL). The fifth-highest non-wood density is from locus 145, the seed-rich sediment 
from a stone-lined bin (0.016 giL). The same five contexts (455, 555, 560, 563, 145) also 
possessed the highest densities by NISP per liter. 
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When examining density by context type, it is apparent that floor deposits have 
the best non-wood macrobotanical preservation in the el-Hemmeh samples. Four of the 
seven loci identified as primary/secondary floor surfaces rank in the top ten contexts by 
giL. However, due to a lack of in situ features and artifacts on these surfaces, it is not 
clear whether the high non-wood density is representative of (1) intact floor debris 
associated with the use of the surface, or (2) a quick infilling sequence of structure fill 
following the abandonment of the floors. If the second option is the case, large amounts 
of sediment dumped into these spaces may have minimized disturbance in the deeper 
layers of fill, preserving botanical material just above the floor surface. This is a 
possibility in Space 20, for example, where high percentages of small legumes are found 
on both the plaster floor surface, locus 560 (where small legumes represent 70% of the 
non-wood plant specimens identified), and in an overlying midden deposit, locus 485 
(52%), suggesting that the two may be associated or potentially intermixed. 
In addition to four structure fill contexts, a single high-ranking locus was 
encountered in the hearth (locus 455), midden (locus 555), and sub-floor channel (locus 
563) context types. Results of the non-wood plant density calculations correlate well with 
the fmdings from the non-wood:wood ratios and wood fragmentation calculations, 
suggesting that botanical preservation levels at el-Hemmeh are variable and cannot be 
reliably predicted by context type (e.g., primary deposits do not always yield a high 
density of seeds) (Table 6.9). Instead, the data indicate that the density of non-wood 
plant remains is heavily affected by post-depositional processes that can obscure 
information about the initial intensity of human activity within a given deposit. 
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Table 6.8 Density of Late PPNB non-wood plant remains (seed) by weight (grams per 
liter) and count (number of identified specimens per liter), with top ten rankings. 
Seed NISP/L 
Context Type Locus Description Seed giL g/LRank NISP/L Rank 
Hearth 305 Hearth Feature Contents 0.000 0.000 
455 Hearth Feature Contents 0.088 1 40.000 3 
479/481 Hearth Feature Contents 0.010 7.667 
Floor Surface 141 Floor Surface/Architectural Collapse 0.002 1.118 
333 Stone Surface/Platform 0.009 10.750 
464 Floor Surface/Midden 0.016 6 17.200 9 
470 Floor Surface/Hearth Border 0.013 8 14.000 
560 Floor Surface/Midden 0.026 3 40.200 2 
562 Packed Earth Floor O.D15 7 17.000 10 
1001 Floor Surface 0.012 16.250 
Midden 456 Midden n/a n/a 
461 Midden 0.004 5.417 
485 Midden/ Architectural Collapse 0.007 14.462 
555 Midden (Cereal store) 0.061 2 66.750 1 
Structure Fill 145 Subterranean Bin Feature Fill 0.016 5 26.095 5 
353 Structure Fill 0.012 10 18.471 7 
378 Structure Fill 0.013 8 22.071 6 
408 Bin Feature Fill 0.009 6.231 
410 Bin Feature Fill (Burial) 0.003 4.769 
422 Structure Fill 0.011 12.833 
487 Structure Fill/ Architectural Collapse 0.008 9.100 
489 Structure Fill/Architectural Collapse 0.005 8.000 
491 Structure Fill 0.009 13.318 
492 Sub-Floor Preparation/Midden 0.006 8.467 
508 Bin Feature Fill 0.007 10.000 
513 "Cistern" Feature Fill 0.011 17.250 8 
518/530 Sub-Floor Preparation 0.009 8.857 
527 Structure Fill/Midden 0.005 6.250 
553 Sub-Floor Preparation 0.011 11.400 
1000 Structure Fill 0.011 15.688 
Channel 506 Sub-Floor Channel Contents 0.007 11.444 
563 Sub-Floor Channel Contents 0.025 4 27.750 4 
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Table 6.9 Densities of non-wood macrobotanical remains (seed) organized by context 
type (very low densities under 0.010 giL are italicized) with the standard deviation 
presented for each context group. 
Standard 
Context Type Locus Description Seed gjL Deviation 
Hearth 305 Hearth Feature Contents 0.000 0.048 
455 Hearth Feature Contents 0.088 
479/481 Hearth Feature Contents 0.010 
Floor Surface 141 Floor Surfuce/Architectural Collapse 0.002 0.007 
333 Stone S urface/Platforrn 0.009 
464 Floor Surface/Midden 0.016 
470 Floor Surface/Hearth Border 0.013 
560 Floor Surface/Midden 0.026 
562 Packed Earth Floor O.D15 
1001 Floor Surfuce 0.012 
Midden 456 Midden n/a 0.032 
461 Midden 0.004 
485 Midden/Architectural Collapse 0.007 
555 Midden (Cereal store) 0.061 
Structure Fill 145 Subterranean Bin Feature Fill 0.016 0.003 
353 Structure Fill 0.012 
378 Structure Fill 0.013 
408 Bin Feature Fill 0.009 
410 Bin Feature Fill (Burial) 0.003 
422 Structure Fill 0.011 
487 Structure Fill/Architectural Collapse 0.008 
489 Structure Fill/Architectural Collapse 0.005 
491 Structure Fill 0.009 
492 Sub-Floor Preparation/Midden 0.006 
508 Bin Feature Fill 0.007 
513 "Cistern" Feature Fill 0.011 
518/530 Sub-Floor Preparation 0.009 
527 Structure Fill/Midden 0.005 
553 Sub-Floor Preparation 0.011 
1000 Structure Fill 0.011 
Channel 506 Sub-Floor Channel Contents 0.007 0.013 
563 Sub-Floor Channel Contents 0.025 
6.4.4 Percentage Distribution 
Percentage distributions of the basic plant taxa categories are presented here for 
30 Late PPNB contexts (Figures 6.37-6.45). Percentages are calculated based on the 
number of identified specimens within each category. Due to the high level of over-
representation in the "fruits and nuts" category caused by numerous fig pips and pistachio 
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nutshell fragments, plant remains from this group were not included in the percentage 
calculations. Calculations which include the fruit and nut remains are presented 
separately in Appendix C. Below, the composition of the analyzed botanical 
assemblages is examined by context type, followed by a special discussion of processed 
cereal grains. 
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Figure 6.37 Pie charts denoting percentage composition of plant taxa categories, 
overlying the eastern portion of the Late PPNB architectural plan of el-Hemmeh (feature 
numbers in bold; loci designations next to pie charts). 
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Figure 6.38 Pie charts denoting percentage composition of plant taxa categories, 
overlying the western portion of the Late PPNB architectural plan of el-Hemmeh (feature 
numbers in bold; loci designations next to pie charts). 
Hearths 
Two hearth contexts provided non-wood plant remains, locus 455 from the 
courtyard area and locus 479/481 from Space 12 (Figure 6.39). The 479/481 assemblage 
consisted primarily of wood charcoal (99.1 %) and just 46 non-wood specimens were 
recovered. While the amount of floated sediment from locus 455 was much smaller (0.5 
L) than the other (6 L), locus 455 yielded a much higher density of plant remains (40 
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specimens/L) despite its small NISP (n=20). The two hearth assemblages could not be 
more different in terms of percentage composition. The courtyard hearth contains high 
percentages ofboth cereal chaff and small legumes (30% and 31 %), followed by smaller 
percentages of cultivated seeds and wild taxa. The Space 12 hearth, on the other hand, is 
overwhelmingly dominated by cereal grains (85%), with a small percentage of chaff (5%) 
and other plant types. While wood charcoal is dominant in both assemblages (see Table 
6.6), it could be argued from the high percentages of small legumes and chaff material 
found in locus 455 that caprine dung was used as a fuel source in the courtyard hearth. 
However, with only a single example of an in situ hearth deposit with a high percentage 
of small legumes (and a very low NISP), an argument of dung fuel use remains tenuous. 
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Figure 6.39 Percentage composition by plant taxa category for two hearth contexts from 
the Late PPNB. 
357 
Floor Surfaces 
Macro botanical remains from seven floors, including prepared plaster floors and 
surfaces constructed ofbeaten earth, were compared using percentage distributions 
(Figure 6.40). The results indicate there are three basic types of floor assemblages: (1) 
assemblages dominated by wild grasses, (2) assemblages dominated by cereal grains, and 
(3) assemblages dominated by small-seeded legumes. The first type is composed 
primarily of wild grasses (52%) and is found in locus 141 from the 448E/224N unit. 
From locus 141, small numbers ofbothLolium and Phalaris grains were recovered, 
reflecting a very low number of total identified specimens (n=19). As such, the wild grass 
percentages from locus 141 may not be as significant as the results from contexts with a 
larger sample size. 
The second type of floor assemblage is dominated by cereal grain fragments. A 
high percentage of cereal grains are observed in both locus 464, the floor surface from 
Space 23 (with 71% cereals), and from the stone-paved surface oflocus 333 (with 78% 
cereals). Together cereal grains and chaff represent 89% of the total non-wood 
assemblage from floor 464 (n=86), suggesting the presence of cereal processing activities 
in room 23 or the dumping of cereal-rich debris directly onto the floor surface. Locus 333 
is more enigmatic given its likely later date (perhaps PPNC?) and questionable function 
as a floor surface/tent pole base. The 333 assemblage, in addition to cereal grains, 
contains a sizeable percentage oflarge legumes (12%). Together, these categories of 
cultigens comprise 90% of the assemblage, suggesting an assemblage dominated by 
charred food remains. 
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The third type of assemblage is dominated by small-seeded legumes (62-70%). 
Floor contexts from el-Hemmeh with this percentage composition include locus 470, a 
surface from the courtyard area; locus 560 from Space 32; locus 562, a packed earth floor 
from Space 20; and locus 1001, a plaster floor discovered in Space 16. Locus 470 from 
the courtyard is slightly anomalous because, unlike the other three legume-rich contexts, 
it contains no wild grasses or other wild taxa. Instead, cereals and chaff are very well 
represented (34%). Perhaps this distinction is a result of varying spatial use, as the other 
three floor surfaces are found in relatively large rooms of 1.5 m2 or greater. Unlike the 
"open" courtyard, these spaces could have been accessed only from above during their 
use. The floor surface deposits oflocus 560, 562, and 1001 are remarkably similar with 
small legumes dominating the non-wood assemblage (64%, 70%, 64%), followed by 
cereal grains (17%, 18%, 15%). Wild grasses are present in very negligible numbers (1 %, 
0%, 0%) while wild/weedy taxa are more numerous (6%, 7%, 9%). It is likely that these 
deposits are representative of a number of activities related to food preparation and 
cooking tasks. The large percentage of small legumes, many of which are not typically 
consumed by humans, could have been a source of fuel- either as wild plants burned 
alongside wood fuel in hearths, or as components of caprine dung used as an alternative 
fuel source. Locus 560 also yielded the highest number of charred dung fragments (n=6) 
of any context. A related possibility is that the dung remains originated from nearby 
stabling deposits that were re-deposited into these spaces during their 
infilling/remodeling. 
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Figure 6.40 Percentage composition pie charts by plant taxa category for the floor 
surface contexts from the Late PPNB. 
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Middens 
Midden composition across the site is extremely varied. Three contexts identified 
as middens yielded non-wood plant remains in flotation samples (Figure 6.41). One of 
these loci, 461 from the Space 23 courtyard, possesses a very low density of non-wood 
remains (5.417 NISP/L). The percentage composition ofthis sample reflects a small but 
varied assemblage of cereal grains ( 40%), chaff (11 %), small legumes (27%), and wild 
grasses (15%). Although cereals predominate, other taxa types are represented in sizeable 
percentages and suggest a mixed deposit accumulated through a variety of depositional 
events. Locus 485, on the other hand, is a midden context from Space 20 with a moderate 
non-wood density (14. 462 NISP/L) and a large number of specimens (n=282). The 485 
midden assemblage may be related to/intermixed with the floor deposit below, locus 562, 
as both possess a high percentage of small legume seeds. However, while the floor 
surface has just a small percentage of chaff (2%), the 485 assemblage contains a much 
larger percentage of cereal chaff (14%), suggesting some degree of stratigraphic 
variation. 
The fmal midden context discussed is locus 555 from Space 23, an exceedingly 
rich deposit of carbonized cereals. The 534 non-wood specimens recovered in this sample 
are predominantly cereal grains (90%) with small amounts of chaff (5%) and small 
legumes ( 4%). This deposit possesses the largest percentage of cereals found in any Late 
PPNB context and one of the highest densities of non-wood remains (66.750 NISP/L). 
Locus 555 is an assemblage of cereals in the fmal stages of processing, with inclusions of 
chaff and crop weeds removed through winnowing and sieving. In addition, 28% of the 
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grains possess a breakage pattern consistent with intentional grinding, suggesting that 
many of the grains were processed into a coarsely ground flour or porridge before their 
carbonization. 
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Figure 6.41 Percentage composition pie charts by plant taxa category for the Late PPNB 
midden contexts. 
Structure Fills 
The percentage composition of 16 loci identified as structure fills indicate that 
there are four basic types of fill assemblages: (1) assemblages dominated by cereal 
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grains, (2) assemblages dominated by small legume seeds, (3) assemblages with nearly 
equal distributions of cereals, small legumes, and chaff, and ( 4) a single assemblage 
dominated by chaff. 
Six contexts possess percentage compositions in which cereal grains are the most 
abundant plant taxa category, ranging from 42% to 52% (Figure 6.42). These structure 
fill contexts are loci 487 and 491 from Space 21; loci 513 and 518/530 from Space 23; 
locus 408 from Space 17; and locus 527 from Space 27. Interestingly, the structure fills 
from the same spaces are nearly identical in composition. Although separated by nearly 
half a meter of archaeological sediment, locus 487 in Space 21 contains nearly identical 
relative percentages of plant taxa as locus 491, with cereals dominating (50% and 44%), 
followed by small legumes (24%, 29%) and chaff fragments (18%, 14%). The same is 
true for the "cistern" feature contents, locus 513, and sub-floor preparation fill, locus 
518/530, both found in Space 23. Cereal grains are most abundant (44% and 44%), 
followed by small legumes (36%, 36%) and chaff (11 %, 14%). Although the non-wood 
plant density is much higher for locus 513 than 518/530 (17.250 versus 8.857 NISPIL), 
high densities can be explained by the beneficial conditions inside the stone-lined feature 
which served to protect the plant remains from additional disturbance. These nearly 
identical percentages within the cereal grain, small-seeded legume, and chaff categories 
suggest that an important remodeling event took place in Space 23 in which the "cistern" 
feature and surrounding floor area were infilled with the same fill deposit before the 
decorated 465 plaster floor was laid down. 
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A similar pattern of distribution is apparent in the non-wood assemblages 
dominated by small legume seeds (Figure 6.43). Six discrete loci possess legume-rich 
assemblages ranging from 49% to 69%: loci 410 and 492 from Space 17; locus 508 from 
Space 31; locus 553 from Space 21; locus 422, Space 14; and locus 378 from Space 16. 
Although not as clear as the 513-518/530 relationship, it does appear that certain spaces 
were consistently infilled with deposits of the same origin or botanical composition. For 
example, in Space 17, both the sediments surrounding the human skull feature (locus 
41 0) and the sediment located beneath the skull's plaster bin (locus 492) contain an 
abundance of small legumes (49% and 69%). In Spaces 21 and 31, which were originally 
one large space before extensive renovations, the fill deposit recovered from a bin feature 
(508) in Space 31 is nearly identical to that sampled from the sub-floor fill in Space 21 
(locus 553). Despite the disparity in location, just 20 em separates the two loci in 
elevation, and the percentage compositions are telling: small legumes (57% and 54%), 
large legumes (9%, 10%), cereal grains (18%, 18%), and chaff (9%, 6%). Perhaps the 
two areas were renovated simultaneously and the same local midden deposit was used to 
infill these spaces. 
Three Late PPNB loci belong to the third assemblage type in which nearly even 
percentages of cereal grains, small legumes, and chaff fragments were discovered 
(Figure 6.44). These contexts include locus 145, the contents ofthe stone-lined 
subterranean bin from Unit 448E/224N; locus 489, a structure fill from Space 30; and 
locus 1000, the structure fill which overlaid floor 1001 in Space 16. Each context 
contains relatively similar distributions of cereal grains (32%, 33%, 29%), chaff (25%, 
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21%, 19%), large legumes (5%, 5%, 4%), smalllegumes(26%, 30%, 30%) and 
wild/weedy taxa (7%, 6%, 5%). It is unlikely that these loci are related to each other 
given their varying locations across the site and disparate elevations which differ more 
than two meters in depth. However, their similar composition could suggest, perhaps, a 
percentage composition that is characteristic of multiple midden assemblages at el-
Hemmeh: a prevalence of cereal grain fragments, small legume seeds, and chaff 
fragments (in that order). 
The final structure fill assemblage discussed here is unique to locus 353, the 
sediment recovered from the deposits of Space 12 (Figure 6.44). Although non-wood 
plant remains were only moderately preserved with a density of 18.47 NISP/L, the 314 
identified specimens have a very interesting composition indeed. Over 59% of the 
assemblage is composed of cereal chaff remains, including spikelet forks and glume 
fragments. The diagnostic remains, namely forks with an identifiable abscission scar, are 
primarily of a domestic type for both barley and emmer wheat. The number of glume 
bases and upper fragments is unmatched in any other botanical assemblage at el-
Hemmeh. The assemblage is clearly dominated by the remnants of crop-processing 
activity, most likely a late stage of husk removaL While cereal grains are the second-most 
abundant category (27%), only small amounts of other taxa groups, ranging from 3-4%, 
were recovered in the samples from locus 353. 
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Figure 6.44 Percentage composition pie charts by plant taxa category for the varied 
structure fill contexts of the Late PPNB, and chaff-rich fill context oflocus 353. 
Sub-Floor Channels 
The contents of two stone-lined channels were analyzed and their percentage 
compositions determined: locus 506 from the channel beneath the floor of Space 12, and 
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locus 563 from the large channel located beneath the floor of Space 20 (Figure 6.45). In 
the case oflocus 506, the plant category with the highest percentage is that of cereal 
grains (41 %) followed closely by small legumes (33%). In the case oflocus 563, the 
assemblage is wholly dominated by small legume seeds (73%). Interestingly, the 
assemblage from each channel appears to be related to the composition of the overlying 
deposits. In the case oflocus 506, the predominance of cereals is likely related to the 
hearth feature (479/481) containing cereals, which is situated directly on top of (and 
perhaps accessing) the stone-lined channel below. The locus 563 channel deposit 
possesses a very similar composition to the floor surface above (locus 562). Both loci in 
Space 20 indicate an overwhelming percentage of small-seeded legumes (70% and 73%), 
followed by much smaller percentages of cereal grains (12%, 18%) and wild/weedy taxa 
(8%, 7%). These results suggest that the stone-lined channels running beneath many Late 
PPNB rooms at el-Hemmeh may have been directly accessible from the rooms above. 
This is curious because access points were not often located during excavation and it is 
unclear what purpose the channel system might have served. If channels were often 
accessed from above, the system could have served as a means of trash disposal. If, 
however, the system functioned as a means of reducing on-site flooding (as Goring-
Morris and Belfer-Cohen 2010 have argued), it stands to reason that cultural deposits, 
including macro botanical remains, might be swept into the channels during periods of 
high water flow. 
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Figure 6.45 Percentage composition pie charts by plant taxa category for the Late PPNB 
sub-floor channel contexts. 
Processed Cereal Grains 
Many Late PPNB contexts at el-Hemmeh contain high percentages of processed 
cereal grains. These grains display a fragmentation pattern consistent with a grinding or 
pounding activity carried out prior to their carbonization CV alamoti 2002; Lindberg and 
White 2011). In Table 6.10, results are presented for the eight loci with the highest 
percentages of processed grains. Percentages were calculated using the total number of 
identified cereal grains for each context, with a wide range in NISP from 19 specimens 
(locus 553) to 468 (locus 555). The midden deposit from locus 555 contains a high 
percentage of cereal grains (90% of its non-wood NISP) and a high density of seed 
remains overall (66.750 specimens/L), as well as one of the highest percentages of 
processed grains (28%). This deposit is clearly a specialized concentration of clean, 
processed grain -likely debris from a cooking feature(s) in which cereals were the 
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primary focus. Three floor surfaces also yielded high percentages of processed fragments: 
locus 560 in Space 32, locus 562 in Space 20, and locus 464 in Space 23. Locus 464, a 
decorated plaster floor surface associated with the "cistern" feature in Space 23, yielded 
51 grains- 24% of which possess evidence for processing. \Vhile both midden 555 and 
floor 464 are located in Space 23, they are separated by 30 em in elevation and a series of 
plaster floors (locus 465). How the two loci might be related is unclear. One possibility is 
that Space 23 might have been located nearby (or below?) a specialized cooking/roasting 
feature. During the use of the feature, these cereal-rich hearth deposits could have been 
intentionally dumped into Space 23 (as midden 555) and unintentionally tracked onto 
floor 465. 
For the majority of the other floor surfaces and structure fill contexts possessing 
large amounts of processed grain, the overall non-wood assemblage characteristics are 
quite telling. They are dominated, not by cereals, but by small legume seeds ( 49-70% ). 
These data suggest a strong correlation between high percentages of processed grain and 
an abundance of small legumes, particularly in contexts of structure fill. One potential 
explanation for this relationship is that the two plant groups were charred together in the 
same types of features, namely, hearths. If indeed small legumes were carbonized within 
hearth features, three scenarios are likely: (1) residents of el-Hemmeh were cooking and 
consuming large amounts of small legumes, (2) small-seeded legumes were an important 
source of fuel, second only to wood charcoal, or (3) small legumes were charred through 
their inclusion in caprine dung, which was used as a source of fuel in cooking frres. The 
last two scenarios seem to be the most likely, given the archaeological evidence from el-
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Hemmeh and other contemporary sites. At 'Ain Ghazal to the north, for example, dung 
fuel has been identified in both Late PPNB and PPNC hearth contexts (Neef 1990: 297-
298; Rollefson et al. 1992). Only small amounts of charred goat/sheep dung were found 
at el-Hemmeh (n=10). However, six of these fragments were found in locus 560, a floor 
surface with one of the highest percentages of small legumes recovered (64%). Tbis 
assemblage also contains the second-highest percentage of processed grains (29%), 
suggesting that dung fuel may also have been utilized during the Late PPNB at el-
Hemmeh. 
Table 6.10 Percentage of processed cereal grains by context type, along with the 
dominant type of non-wood plant remains recovered in each assemblage. 
Cereal 
Grains Processed Dominant Plant Taxa Group 
Context Type Locus (NISP) Grain% in Assemblage 
Structure fill (sub-floor prep) 553 19 42% Small legume seeds (54%) 
Floor surface/midden 560 24 29% Small legume seeds (64%) 
Midden (cereals) 555 468 28% Cereal grain fragments (90%) 
Floor surface/midden 464 51 24% Cereal grain fragments (71%) 
Floor surface (packed earth) 562 30 23% Small legume seeds (70%) 
Structure fill (bin) 508 14 21% Small legume seeds (57%) 
Structure fill (bin) 408 28 21% Cereal grain fragments (42%) 
Structure fill (bin- burial) 410 10 20% Small legume seeds (49%) 
6.5 Discussion 
The Late PPNB macrobotanical remains at el-Hemmeh have provided an 
important dataset to examine aspects of diet and subsistence, as well as site-specific 
issues of deposition and post-depositional processes. A total of75 samples were 
examined for macro botanical remains: 55 flotation samples and 20 dry sieved samples, 
for a total of3561iters of processed sediment. The analyzed samples came from 32 
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distinct loci across the site, including hearth features, floor surfaces, middens, structure 
fills, and sub-floor channels. A total of 4,820 specimens of non-wood botanical material 
(i.e., seeds, chaff, nutshell, and other plant parts) were recovered during microscopic 
analysis along with large amounts of wood charcoal. Non-wood specimens consisted of 
89 taxa types grouped into seven general categories: cereal grains, cereal chaff, large-
seeded legumes, small-seeded legumes, wild grasses, other wild/weedy taxa, and fruits 
and nuts. Each was identified to the family, genus, or species level whenever possible. 
Absolute counts reveal that cultigens are the most abundant plant group in the 
assemblage ( 46.0% by NISP). This category includes cereal grains, chaff, and large 
legumes. Cultivated-size barley and emmer wheat grains are both found in large amounts 
although barley grains are slightly more numerous (barley, n=117; emmer, n=77). The 
grains are also fairly ubiquitous across the site with barley found in 75% of analyzed 
contexts and emmer found in 50%. The amount of emmer wheat found in the Late PPNB 
deposits is intriguing given that the earlier PPNA assemblage contained a negligible 
amount of wheat, just four grains total. Moreover, the Late PPNB emmer wheat is a 
domestic type with 94.9% of rachis internodes (n=56) possessing a rough abscission scar. 
These results suggest that emmer wheat may have been domesticated elsewhere in the 
Levant before being adopted as a crop at el-Hemmeh during the Late PPNB period. 
Barley chaff, on the other hand, contains equal numbers of rough and smooth abscission 
scars (n=44). Given the abundance oflarge plump grains in the Late PPNB assemblage, 
the barley evidence points toward a population that is partially domestic and partially of a 
"pre-domestic" type (large grains and a wild scar) (see Kislev et al. 1986). It is likely that 
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cultivated barley was interbreeding with local populations of wild barley during the 
PPNB. 
Remnants of cereal processing activities are also plentiful, particularly evidence 
for grain grinding and dehusking activities. Nearly 17% of cereal grain fragments display 
a breakage pattern consistent with intentional grinding or pounding prior to 
carbonization. In some contexts, such as the deposit ofbumed cereals found in Space 23, 
the percentage of processed fragments rises to 28% of the assemblage, suggesting a 
concentration of coarsely ground grain. Other evidence for cereal processing is found in 
"ripped" spikelet forks indicative of dehusking activities. While barley rachis specimens 
from the Late PPNB contain just 12.0% ripped abscission scars, the emmer wheat 
assemblage has a much higher percentage of ripped specimens. Over 42.1% of the Late 
PPNB emmer abscission scars are of a ripped type. Tanno and Willcox (20 11: 7) suggest 
the ripped morphology in early Neolithic wheat is due to increased levels of pounding 
(i.e., dehusking) necessary to separate hulled grains from their glumes and rachis 
internodes. Such a step is not required for barley spikelets, where the grain separates 
easily from its glumes and spikelet base. This is likely the reason why ripped rachis 
specimens ofbarley are found only in 5% of the contexts, but ripped emmer rachises 
have a much higher ubiquity percentage of 55%. 
Other cultivated plant taxa at el-Hemmeh include varieties of large-seeded 
legumes such as lentils and vetch. When compared with the earlier PPNA seed 
assemblage, the large legumes are present in much lower numbers (lentils, n=41; vetch, 
n=l9), suggesting a decreased reliance on large legumes as a staple food source during 
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the Late PPNB. However, they are present in small numbers across the site with a 
ubiquity percentage of 95%. As at the contemporary site of Basta to the south, both 
lentils and bitter vetch specimens fall into the cultivated/wild size range, making 
identification of domesticated types difficult (Neef2004). Given the regional picture, 
however, it is likely that both legumes were cultivated at el-Hemmeh during the Late 
PPNB. Cultivation in the area is evidenced by both (1) huge stores oflentils 
(n=l,400,000) found at the nearby Middle PPNB site ofYiftahel (Garfinkell987), and 
(2) the natural distribution area of wild bitter vetch located well to the north of Jordan, 
suggesting intentional propagation in the southern Levant (Zohary and Hopf2000). 
Perhaps the most surprising aspect of the macrobotanical assemblage at el-
Hemmeh is the very large number of small-seeded legumes recovered. In total, 1 ,263 
small legume specimens were identified representing 26.3% of the assemblage by NISP. 
Small legumes were found ml 00% of the contexts included in ubiquity calculations 
(n=20). Despite the morphological similarities between leguminous genera, it was 
possible to identify ten taxa types within this plant category. The most abundant legume 
seeds belong to the Astragalus (n=230), Melilotus (n=144), and Trigonella (n=76) genera 
although many more could not be identified to genus due to poor preservation and 
fragmentation (n=704). Many small-seeded legume species produce thousands of seeds 
per plant: Melilotus alba, for example, may produce up to 5,000 seeds in a given season 
(Klemow and Raynal1981). 
The origin( s) of these small legume seeds at el-Hemmeh- as well as the reason 
for their vast quantity - is rather enigmatic. The seeds could have been consumed by 
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humans as wild greens in the springtime, and/ or they could represent frequent field weeds 
that were thrown into hearths along with other sieved crop-processing waste (Figure 
6.46). The wild legumes could also have been used as a source of fuel in lieu of wood 
fires (van Zeist and Bakker-Heeres 1982: 234). A related possibility is that the seeds 
could have been charred as a component of dung fuel most likely collected from the dung 
of domesticated sheep and goats kept near the site (discussed in Chapter 7). A fmal 
explanation is that the seeds may have originated (again) from sheep/goat dung, which 
was burned during the cleaning of stabling deposits and re-deposited on-site during 
remodeling events. 
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Figure 6.46 Potential depositional sequence of small-seeded legumes at el-Hemmeh. 
The likelihood of dung fuel use at el-Hemmeh is suggested by the presence of 12 
charred fragments of caprine dung identified during microscopic analysis, as well as the 
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known use of dung fuel at other contemporary Late PPNB sites such as 'Ain Ghazal 
(Neef 1990). Evidence for dung fuel at el-Hemmeh does not come from the few sampled 
in situ hearth features, which are dominated by wood charcoal. Instead, it is the 
secondary/tertiary contexts, such as floor surfaces and structure fills, which present a 
unique pattern: five ofthe six contexts with the highest percentages of processed cereal 
grains (excluding the cereals found in Space 23) also possess a seed assemblage 
dominated by small legumes. The correlation between high percentages of processed 
grain and high percentages of small legume seeds does suggest a correlation between 
cooked foods and little legumes. However, until the two are found together in a primary 
hearth context (along with fragments of caprine dung), the argument for dung fuel use at 
el-Hemmeh is questionable and other methods of deposition cannot be discounted. 
Wild grasses and other wild/weedy plants represent a very small component of the 
macro botanical assemblage, just 6.2% of the identified non-wood remains (by NISP). 
Despite this low percentage, many wild taxa are present in the samples (n=31 ). The most 
abundant wild grasses are Lolium (n=18) and Phalaris (n=11), two likely weeds of 
cultivated cereal fields. Interestingly, Lolium does not appear in the earlier PPNA 
assemblage at el-Hemmeh. Instead, it occurs only in the Late PPNB assemblage along 
with domesticated emmer wheat. Lolium is often found as a weed of irrigated fields 
(Jenkins et al. 2011), and its presence at el-Hemmeh may indicate that emmer wheat 
(which typically requires a higher average rainfall than barley) required some amount of 
irrigation or water management. Phalaris, on the other hand, is a wild grass present in 
both the PPNA and Late PPNB assemblages. It is the most ubiquitous wild grass and is 
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found in 25% of analyzed contexts. Other wild plant species found in large numbers 
during the Late PPNB are the silicified exocarps of Lithospermum tenuiflorum (n=41) 
and what has been tentatively identified as the seeds of cf. Ornithogalum (n=29). The two 
contexts with the highest numbers of cf. Ornithogalum seeds, locus 513 and 562, also 
contain the highest numbers of charred caprine dung fragments. The herded goat/sheep 
population could have grazed on these plants before their dung was incorporated into the 
archaeobotanical record. 
Another taxon found in relatively large numbers are seeds from the Brassicaceae 
family. The Brassicaceae specimens were discovered in one location only: the secondary 
fill from a Late PPNB subterranean bin (locus 145). Although twenty-five seeds were 
identified in total, the low number of seeds is not enough to suggest an intentionally 
concentrated store. At other Neolithic sites such as <;atalhoylik in Turkey, large stores of 
Brassicaceae seeds (2,000,000+) were most likely used as a source of oil or food 
flavoring (Fairbairn et al. 2006: 476). Other wild taxa identified at el-Hemmeh include 
Helianthemum (n=11) and Heliotropium (n=1 0) species. While Helianthemum seeds 
(56,000+) are also found in specialized stores at <;atalhoyuk, their minimal presence 
across el-Hemmeh is most likely as a crop weed. Both Helianthemum and Heliotropium 
are found in the disturbed soils of steppe/desert environments (Colledge 2001: 81-84) and 
as pasture plants and weeds of cultivated fields (Fairbairn et al. 2006, Harris 2010). 
These species have ubiquity scores of25% and 30%, respectively, indicating a relatively 
high frequency across the site. Two other plant taxa recovered at el-Hemmeh, Glaucium 
(n=7) and Malva (n=9), are additional components of steppe/desert vegetation and 
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cultivated fields (Colledge 2001: 81-84). While Malva is an edible leafy green that may 
have been consumed by residents of el-Hemmeh, it is also found as a weed of barley 
fields. Altogether, these wild plant taxa suggest a semi-arid environment surrounding the 
site, and the presence of field weeds may represent the accumulation of crop-processing 
waste (through activities such as sieving and sorting) (Table 6.11). Other wild plants in 
the assemblage include the fruits of Ficus carica, preserved as fig pips, fruit flesh and 
skin (n=592), and the fragmented nutlets of Pistacia cf. atlantica (n=424). The two 
species are nearly ubiquitous across the site (95% and 90% of analyzed contexts). Both 
are locally available edible species that were probably important wild food resources 
throughout the Neolithic. 
Table 6.11 Ten plant taxa that may represent species found in cultivated fields at Late 
PPNB el-Hemmeh. 
Potential Late PPNB Field Weeds: 
Family Genus NISP 
Boraginaceae Lithospermum tenuiflorum n=41 
Heliotropium sp. n=IO 
Cistaceae Helianthemum sp. n=ll 
Fabaceae Astragalus spp. n=230 
Melilotus spp. n=144 
Trigonella spp. n=76 
Malvaceae Malva sp. n=9 
Poaceae Lolium spp. n=l8 
Phalaris spp. n=ll 
Ranunculaceae Glaucium sp. n=7 
Total: n=547 
Levels of botanical preservation in 32 archaeological loci were evaluated through 
the use of ratio calculations. The first ratio compared amounts of wood charcoal with 
other non-wood plant remains (e.g., seeds, nutshell, and chaff) to determine the 
percentage of non-wood material in each locus (Table 6.6). The second ratio calculation 
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compared amounts of wood charcoal identified in the large size fraction (>2 mm) with 
the smaller fraction (> 1 mm) to establish wood fragmentation rates for each context 
(Table 6.7). Analysis revealed that six of the ten contexts with the highest percentages of 
non-wood plant material also possess low wood fragmentation rates. These contexts 
consist of two floor surfaces (470, 1001), one midden (555), and three structure fills (378, 
492, and 553). For these well-preserved contexts, post-depositional processes did not 
cause severe fragmentation of wood charcoal nor other non-wood plant remains. Many of 
these contexts are situated in "protected" locations across the site where disturbances 
such as water-working and animal and insect activity may have been minimized. Loci 
492 and 553, for example, are structure fills identified as sub-floor preparation contexts, 
and both were covered by thick plaster floors that limited further disturbance. Other 
contexts with low wood fragmentation rates come from the plaster-covered hearth feature 
in Space 12 (locus 479/481), where charred wood contents were recovered intact, and 
from deposits in the courtyard, Space 33 (both 461 and 470). Why the courtyard floor 
surface and midden were not exposed to high levels of disturbance is unclear, and it may 
suggest that portions of the open air were reserved for specific tasks. 
Another context with a low wood fragmentation rate is locus 513, the sediment 
found within the stone-lined "cistern" feature found in Space 23. Locus 513 contains one 
of the highest densities of non-wood plant remains (NISP/L) due to its protected location 
and reduced levels of post-depositional disturbance. Locus 555, a protected midden from 
beneath the floor of Space 23, also possesses a low fragmentation rate and excellent 
botanical preservation. The assemblage analyzed from this particular locus is dominated 
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by carbonized cereal grains (over 450 grains) and contains the highest density of non-
wood plant remains recovered anywhere on-site (giL and NISP/L). Other loci with high 
densities of seeds and other plant parts include a courtyard hearth context (locus 455) and 
sub-floor channel (locus 563), as well as multiple floor surfaces and structure fill 
contexts. The fill from Space 12 (locus 353), for example, is very high in cereal chaff 
(59%) and indicates the presence of crop-processing waste. The large numbers of emmer 
glume fragments suggest a fmal stage of crop-processing in which the wheat spikelets 
were pounded and glumes were removed. 
It is the floor surface contexts at el-Hemmeh that exhibit the highest densities of 
plant remains (Table 6.8). Of the seven loci identified as primary and p1imary/secondary 
surface deposits, five loci possess high densities of non-wood plant material, including 
floors from Space 23 (locus 464), Space 20 (locus 562), and Space 32 (locus 560). The 
comparison of these floor assemblages, as well as assemblages from other context types, 
was possible through the examination of percentage distributions. A pie chart 
representing the non-wood botanical composition of each locus was created to analyze 
relative percentages of cereals, cereal chaff, large legumes, small legumes, wild grasses, 
and other wild/weedy taxa. Fruits and nuts were excluded from these calculations given 
the over-representation of fig pips and high fragmentation rate of pistachio nutshell. The 
percentage composition results indicate that Late PPNB floor surfaces are dominated by 
cereal grains, as in Space 23 (71 %), or contain high numbers of small-seeded legumes 
(Figure 6.40). Three floor surfaces with large amounts of small-seeded legumes are from 
Space 20 (locus 562), Space 32 (locus 560), and Space 16 (locus 1001). These 
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assemblages are very similar in composition with small legumes comprising at least 64% 
of the assemblage, followed by much smaller amounts of cereal grains and wild/weedy 
taxa. Because these spaces could only have been accessed from directly above by 
residents, it is likely that their seed assemblages reflect a variety of activities carried out 
within and above each space: food preparation, cooking, garbage dumping, etc. The high 
percentage of small legume seeds may indicate their use within cooking contexts, either 
as a source of fuel/tinder or as a component of dung fuel. 
The analyzed hearth contexts, unfortunately, have little to add to the discussion of 
fuel choice at el-Hemmeh (Figure 6.39). Two individual hearths did provide botanical 
datasets but neither of these seems to be a "typical" combustion feature: locus 479/481 is 
a specialized, stone-lined hearth that yielded over 99% wood charcoal and just a few 
cereal grains; while locus 455 is an ephemeral hearth, located in the courtyard area, 
which yielded a small but dense assemblage of cereal chaff and small legumes. It is more 
likely that cooking hearths at el-Hemmeh were located on the primary living floors found 
on the first/second stories (above the storage rooms analyzed here) and have not survived 
archaeologically. Instead, the clues about food preparation techniques and fuel choice are 
found in the secondary contexts of midden and structure fill. 
Charred plant remains accumulated in midden areas through various dumping 
events of hearth clean-outs, refuse disposal, and floor sweepings. In one midden locus 
(555), a large concentration of cereal grains suggests the presence of hearth waste from 
the roasting and/or cooking of grain (6.41). Many of the cereal specimens are fragmented, 
and at least 28% ofthe grains display evidence of intentional grinding/pounding. Very 
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few specimens of chaff were recovered in this assemblage, further suggesting the grain 
was sieved and cleaned prior to its cooking. High percentages of processed grains were 
also found in seven other contexts at el-Hemmeh, many of which possess assemblages 
dominated by - surprisingly - small-seeded legumes. The correlation between high 
percentages of processed grain (20-42% of grain fragments) and high percentages of 
small legumes ( 49-70% of total assemblage) suggest the two types of plant remains may 
have a similar origin and depositional pattern. Processed cereal grains undoubtedly 
originated from cooking hearths and were later re-deposited in secondary midden 
contexts as hearth features were periodically cleaned out. Small-seeded legumes may also 
have originated from hearth features as either (1) intentionally collected plants used for 
fuel in cooking fires (as a probable byproduct of crop-processing), or (2) as a component 
of caprine dung used as fuel in cooking fires. While both explanations are plausible, the 
presence of charred caprine dung fragments in locus 560 (a floor surface with high 
percentages of processed grain and small legumes), as well as the known use of dung fuel 
at other contemporary sites in the southern Levant, suggests that the use of caprine dung 
fuel during the Late PPNB is a very real possibility at el-Hemmeh. 
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Chapter 7. El-Hemmeh in Context: Preservation, Environment, and Subsistence 
7.1 Introduction 
El-Hemmeh provides a unique opportunity to examine the emergence and 
intensification of early Neolithic agricultural strategies as one of the rare archaeological 
sites in the southern Levant occupied during both the PPNA and Late PPNB periods. The 
macro botanical data presented here contributes to a more comprehensive understanding 
of crop domestication processes, as well as the types of routine subsistence activities 
carried out by residents, including plant gathering, processing, and consumption. The 
results from el-Hemmeh are considered within a larger regional framework and compared 
and contrasted with published research from other contemporary Pre-Pottery Neolithic 
sites. In this chapter, three research themes are explored and discussed within a Neolithic 
regional context: 1) formation processes affecting the creation, preservation, and 
destruction of the macrobotanical record; 2) vegetation and the local ecology of the Wadi 
el-Hasa during the early Holocene; and 3) evidence for subsistence practices and food-
processing activities during the PPNA and Late PPNB periods. 
7.2 Formation Processes 
7.2.1 Methods ofD.eposition 
In considering the nature of the carbonized plant material from el-Hemmeh, it is 
critical to consider the linkage between food processing activities, carbonization events, 
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and the preserved archaeobotanical evidence. Ethnoarchaeological work in the Near East 
has demonstrated the importance of crop processing activities as a part of daily life at 
farming sites and as an important contributor to archaeobotanical assemblages (Charles 
1988; Hillman 1981, 1984; G. Jones 1984, 2000; Miller 1996; Palmer 2006; Smith 2003). 
However, relatively little research has focused on the "how and why" of charring events 
and the subsequent processes affecting macrobotanical preservation (Fuller et al., in 
press; Fuller and Weber 2005; van der Veen 2007; Wright 2010). The specific formation 
processes of charred plant remains at el-Hemmeh are, in many ways, complex and 
difficult to identify. Although nearly all the botanical remains analyzed from the site are 
carbonized, plant specimens may have arrived at/in fires through various means: as 
foods/materials to be cooked, roasted, or dried; as crop processing debris; as weeds and 
food bits thrown in as 'casual fuel'; possibly as dung fuel; and as intentionally collected 
fuel plants. The el-Hemmeh botanical assemblage is a broad reflection of daily activities 
taking place around daily domestic fires. 
One example of a primary hearth context at el-Hemmeh is locus 717b from the 
PPNA Structure 1, which yielded a seed assemblage rich in carbonized barley grains 
(75%) and low in both cereal chaff and wild taxa (5%) (Figure 6.10). Based on the 
macro botanical assemblage, this feature is interpreted as a location for roasting, boiling, 
and/or cooking cereal grains. Another hearth feature (479/481)- a much smaller, stone-
lined feature from the Late PPNB Space 12- also contained a high seed percentage of 
cereal grains (85%). Both assemblages are dominated by wood charcoal (overall), 
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suggesting that wood likely served as the primary source of cooking fuel in these 
particular features (as in the Late PPNB 555 hearth dump). 
The cereal/wood charcoal pattern from these few hearth features does not account 
for the variety of charred plant taxa recovered across the site, nor provide information 
about how significant numbers of wild/weedy remains might have become carbonized. 
Wild food sources often consumed fresh, such as wild grasses and other edible species 
(e.g., Malva, Erodium, Aizoon ), may not have routinely come into contact with cooking 
fires. However, their seeds could have become carbonized as floor debris swept into 
hearths. With regard to small wild legumes, there is also a clear correlation between high 
percentages of small legumes and high percentages of processed cereal grains in the 
deposits dating to the Late PPNB (Table 6.10). This correlation suggests that wild 
legumes may have been used as a fuel source, or may have been present as a component 
of dung fuel, and endured the same charring events and depositional processes as cereal 
foodstuffs. 
Ultimately, the plant remains that survive in the archaeobotanical record are 
heavily affected by formation processes (Dennell1976; Hillman 1981, 1984; Jones 1997; 
Miksicek 1987; Wright 1998). While they do not necessarily provide an accurate picture 
of the breadth of plant foods and materials around the site, they instead provide an idea of 
what plant types were most often exposed to fire (Pearsall 2000: 244). Most 
archaeobotanical assemblages are thus constructed from the remnants of routine 
activities, and accidental destruction events such as burned granaries and storage bins are 
few and far-between (van der Veen 2007). 
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7.2.2 Charring Events 
Carbonization is one of the most common forms ofbotanical preservation on 
archaeological sites and, in nearly all cases, requires the exposure of seeds and wood to 
fire (Fuller and Weber 2005; Minnis 1981; Pearsall2000; van der Veen 2003). Even 
seeds that fall through the flames and are quickly covered in ash are exposed to high 
temperatures (Hillman 1981). However, a large percentage of the plant remains that make 
their way onto the site, either through intentional collection or through inadvertent means, 
never becomes carbonized. By some estimates, upwards of90% ofbotanical material 
decomposes and is lost from the archaeological record (see Miksicek 1987). The 
carbonization process itself is highly preferential, with some robust seeds surviving well 
while other plant parts, such as fragile glumes, may be deformed or even destroyed 
(Boardman and Jones 1990; van der Veen 2007). Even seeds of the same genus can 
experience varied levels of physical distortion (Braadbart et al. 2005), although these 
effects appear to be minimized in barley grains (Rollefson and Simmons 1985: 77). 
Recent experiments have shown that the composition of a charred plant 
assemblage does not directly reflect its composition prior to charring (Braadbart et al. 
2007, 2009; Wright 1998, 2003). Wood, for example; may survive more frequently than 
other plant remains despite undergoing the same changes in molecular and structural 
composition (Braadbart et al. 2009). Despite the variety of charring conditions that might 
have occurred, some general statements about macro botanical carbonization are possible. 
Wright (1998: 108, 2003: 577, 582) has noted the importance of three variables: the 
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specimen type, its physical condition, and the parameters of the charring event. Five 
important points can be summarized from her work: 1) Some species and plant 
components are more likely to survive the charring process than others, depending on 
their physical and chemical attributes (e.g., seed size, nutshell thickness, oil content, 
wood density). 2) Moist specimens may survive high temperatures better than dry 
specimens, although moisture release can cause a significant level of physical distortion 
(e.g., tissue expansion, embryo detachment, rupture/popping). 3) A reducing atmosphere 
is more conducive to macrobotanical preservation than an oxygen-rich atmosphere. 4) 
Long exposure to high temperatures increases the likelihood that a specimen will 
carbonize (above 300 degrees C for 50 minutes) or possibly be destroyed (above 500-700 
degrees C for 50 minutes). 5) Alternating periods ofheating and cooling are more 
conducive to macro botanical preservation, due to a reduction in time exposed to high 
temperatures. Although difficult to recreate in laboratory conditions, heating and cooling 
conditions are more likely to represent archaeological charring events. 
7.2.3 Contextual Issues 
For many plant remains analyzed from el-Hemmeh, a direct relationship cannot 
be established between the charring activities that created the archaeobotanical 
assemblage and the context in which it was recovered. This indirect relationship is due to 
the fact most of the loci are categorized as Class C contexts (i.e., structure fills) with 
botanical assemblages formed through many different charring events (sensu Hubbard 
and Clapham 1992). Middens and structure fill contexts are but two examples of Class C 
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contexts where assemblages of charred plant remains contain the re-deposited material 
from multiple hearth clean-outs across the site. Unlike primary Class A and secondary 
Class B deposits which are rarely encountered on archaeological sites, the tertiary Class 
C group is the most ubiquitous of context types identified at most sites (Fuller et al. 
2012). 
Class C contexts can be difficult to interpret given their complex depositional 
histories, but they provide an element of homogenization against which unusual events 
(e.g., accidental fires) may become visible archaeobotanically. At other Neolithic sites in 
the Near East, accidental house fires have revealed large stores of wild barley and oats 
(PPNA Gilgal I), broad beans (Middle PPNB Yiftahel), lentils (Late PPl'ffi 'Ain Ghazal), 
and small-seeded wild plants (Neolithic <:;atalhoyiik) (Kislev et al. 2010; Garfinkel1987; 
Kafafi and Rollefson 1995; Fairbairn et al. 2006). Unlike these isolated and accidental 
events, the botanical compositions of Class C middens and structure fills are the result of 
routine activities across the site- that is, repeated influx to fire and outflux to 
archaeological 'fill' deposits (Fuller et al. 2012: 10). The botanical assemblages 
recovered from tertiary deposits thus reflect a set of activities that were carried out 
repeatedly on-site over time. This high level of archaeobotanical assemblage uniformity 
at el-Hemmeh suggests that the analysis of formation processes is essentially a study of 
routine practices carried out at the site (flensu van der Veen 2007: 986). 
The level of assemblage uniformity at el-Hemmeh is striking within the contexts 
designated as structure fills (re-deposited accumulations of waste material). It is unlikely 
that these assemblages reflect specific events that originally occurred in the small, 
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subterranean rooms which were later filled with extraneous midden deposits as 
renovations and rebuilding took place. Instead, the architectural sequence of these rising-
floor structures (sensu Gebel2006) provides information about the plant remains. The 
remains were being routinely exposed to fire elsewhere on-site and then discarded in 
midden contexts as hearth waste: namely, cereal grains, small-seeded legumes, and cereal 
chaff. Six contexts designated as structure fill are dominated by cereal grains (42-52%), 
and six contexts are dominated by small-seeded legumes (49-69%). Three additional 
structure fill contexts contain relatively equal percentages of grains, small legumes, and 
chaff fragments. These results suggest that structure fill composition at el-Hemmeh 
during the Late PPNB is generally homogenous across the architectural spaces with 
minimal variation in types of charring activities. 
The cooking of cereals is one of the most frequent activities preserved in the 
macro botanical record at el-Hemmeh. In both the PPNA and Late PPNB deposits, cereal 
grains are the most abundant category of non-wood plant type recovered. The 
fragmentation pattern of grains found in the Late PPNB assemblage reveals that nearly 
17% of fragmented specimens across the site are processed through intentional 
grinding/pounding activities, while in structure fill contexts with high percentages of 
' ., 
cereals, the number of chaff remains is typically! low to moderate ( ~ 11-24%). These 
I 
percentages suggest that 1) cleaned, processed grain was used in meal preparations, and 
2) chaff and other processing waste may have entered hearth contexts as a 'casual fuel' 
(sensu van der Veen 2007). This first point suggests that most of the cereal remains from 
el-Hemmeh represent a late stage in the processing sequence- that is, a post-threshing, 
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post-storage, post-dehusking, and post-sieving stage (see section 7.4.3 Food Processing 
and Cooking). Not a single whole, unprocessed barley or wheat spikelet was found in the 
PPNA or Late PPNB assemblages, attesting to the presence of cereal processing activities 
carried out on-site. Furthermore, charred glume and rachis fragments from the Late 
PPNB suggest that chaff remains were habitually discarded in hearth features as a casual 
fuel or in floor sweepings dumped into cooking fires. Locus 353, a Late PPNB structure 
fill context, contains the concentrated remnants of crop processing activities with over 
59% cereal chaff represented, primarily as glume fragments. This concentrated 
assemblage suggests that some hearths may have contained large numbers of chaff 
fragments before their redeposition as structure fill. 
During the PPNA, chaff percentages are very low (1-7% ), suggesting that 
dehusking activities could have taken place outside of structures where the remains were 
not routinely exposed to conditions of carbonization. Arguments for outdoor dehusking 
during the PPNA and 'casual fuel' during the Late PPNB are, however, complicated by 
the fact that light chaff is often destroyed during the charring process. The preservation 
rate of chaff fragments is thus much lower than that of other cereal components such as 
grains, often resulting in a grain-dominant assemblage that does not necessarily reflect 
the botanical composition of an initial assemblage (Hillman 19 81; Boardman and Jones 
1990). 
Compositional variation between non-wood assemblages at el-Hemmeh is visible 
both diachronically and synchronically. For example, small-seeded legumes represent 
just 1.6% of the seed assemblage from the PPNA Structures 1, 2, and 3 (Table 7.1). By 
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the Late PPNB, the same small-seeded legumes make up nearly 26.3% ofthe assemblage, 
suggesting a major shift in their use related to the manner and frequency with which the 
seeds came into contact with fire. The increasing numbers of small-seeded legumes, 
which likely suggest the use of new fuel types during the Late PPNB, are discussed in 
further detail in section 7.4.2 Late PPNB Agropastoralism. When the increases in small 
legumes and chaff are removed from the calculations, it is apparent that very similar 
overall percentages exist for the PPNA and Late PPNB macro botanical assemblages 
(Table 7.2). These similarities, and the possible reasons behind them, are also discussed 
further in section 7.4 Subsistence and Food Practices. 
Table 7.1 Relative percentages of specimens identified within each of the main plant taxa 
categories from the PPNA and Late PPNB deposits at el-Hemmeh. 
PPNA LatePPNB 
NISP Seed Assemblage NISP Seed Assemblage 
(% byNISP) (% byNISP) 
Cereal Grains 1896 49.7 1517 31.5 
Cereal Chaff 106 2.8 540 11.2 
Large Legumes 259 6.8 157 3.3 
Small Legumes 62 1.6 1263 26.3 
Wild Grasses 183 4.8 127 2.6 
Wild/Weedy 171 4.5 173 3.6 
Fruits and Nuts 1140 29.9 1033 21.5 
Totals: 3817 100% 4810 100% 
Table 7.2 Relative percentages of specimens identified within each of the main plant taxa 
categories (without the chaff and small-seeded legumes categories) from the PPNA and 
Late PPNB deposits at el-Hemmeh. 
PPNA LatePPNB 
NISP (w/o Seed Assemblage NISP (w/o Seed Assemblage 
small legs. & (% byNISP) small legs. & (% byNISP) 
chaff) chaff) 
Cereal Grains 1896 52.0 1517 50.4 
Large Legumes 259 7.1 157 5.2 
Wild Grasses 183 5.0 127 4.2 
Wild/Weedy 171 4.7 173 5.8 
Fruit and Nuts 1140 31.2 1033 34.4 
Totals: 3649 100% 3007 100% 
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Synchronic compositional variation is apparent through an examination of the 
PPNA assemblages identified from Structures 1 and 2. Within Structure 1, deposits from 
the 715a floor surface and 718 midden contain a relatively high percentage oflarge-
seeded legumes (12-14%) when compared with midden contexts from Structure 2 (2-
4%). The higher numbers oflarge, cultivated-type legumes in Structure 1 could suggest 
that the processing of these seeds primarily took place there, whereas the activities within 
Structure 2 were more cereal-focused. 
While the Structure 1 deposits suggest that large legumes were routinely charred 
near/within this structure, the deposits from Structure 2 indicate that large legumes were a 
very minor part of the botanical assemblage created though cooking activities. This 
discrepancy between the two PPNA structures may be based on food preference, or it 
may be related to changing subsistence practices during the PPNA occupation at the site. 
Architectural analysis of two structures indicates that Structure 2 was constructed later 
than Structure 1 (Makarewicz 201 0; Makarewicz and Rose 2011 ), suggesting that the 
dietary role oflarge legumes may have decreased by the end of the PPNA/start of the 
Early PPNB period. 
However, the relationship between the activities that created an assemblage and 
the context from which the remains were recovered must be carefully considered (Fuller 
et al. 2012: 4). Many contexts are composed of secondary or even tertiary deposits, and 
these assemblages may reflect plant remains with a variety of origins. It is therefore 
critical to consider the location where seeds may have been initially charred (presumably 
a cooking fire) as well as their subsequent re-deposition. None of the contexts in question 
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is a primary Class A hearth context; the deposits are instead classified as midden 
assemblages reflecting the general food-related activities occurring within and around 
each structure. 
The deposits from Structure 2 also present an interesting case study for examining 
small-scale variation in assemblage composition and the localized effects of post-
depositional processes. Three individual loci from this structure, locus 719 (midden), 
locus 720 (structure fill), and locus 790 (bin fill) possess a nearly identical assemblage 
composition. Each assemblage is dominated by cereal grains (78-80%) followed by wild 
grasses (6-9%) and chaffremains (4-5%) (Figure 5.22). Given their widely disparate 
context types, one wonders how such a level of botanical uniformity is possible. Most 
likely, the composition of these assemblages is not directly related to the disparate 
contexts in which they were excavated. Instead, the origins of these deposits may be very 
nearly identical, originating from a nearby midden that contained charred plant material 
re-deposited from local cooking features. This midden material was subsequently brought 
into Structure 2 to serve as a sub-floor preparation material for the construction of a pise-
type floor surface (where it likely fell down into the earlier bin feature below Structure 
2). Here it is a lack of compositional variation that allows us to better understand the 
potential formation processes of archaeological deposits within Structure 2. 
7.2.4 Post-Depositional Factors 
The identification of post-depositional factors are as important as the study of pre-
charring activities and the carbonization process, given the effects of post-depositional 
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factors on the accumulation, distribution, and preservation of archaeobotanical material 
(Fuller and Weber 2005: 1 02). The post-depositional factors discussed here include 
disturbances due to human and animal activity, soil conditions, moisture level, and 
temperature. 
The three contexts from Structure 2 present an opportunity to examine the effects 
of post-depositional factors since it is likely that these assemblages originated from a 
single midden source. Each context possesses an excellent level of preservation, 
representing the first, second, and fourth-greatest densities of non-wood specimens (giL) 
recovered from the 15 analyzed PPNA loci. Between the contexts, however, variation in 
macrobotanical preservation levels is obvious. The densities of non-wood plant material 
from the bin fill and midden deposits are very similar (0.04 and 0.05 giL of floated 
archaeological sediment), but the locus 720 structure fill contains by far the highest 
density of plant remains (0.13 giL). The 720 fill possesses over twice the density of non-
wood plant material found in any other PPNA sample. The reasons for this disparity in 
density may lie in the original material; if, for instance, the sediment happened to contain 
a particularly rich and dense assemblage of charred remains. Given the similar botanical 
composition ofloci 719 and 790, and the likelihood that all three are from the same 
midden source, it is more likely that the excellerit preservation is due instead to locus-
specific, post-depositional factors. For example, the 720 fill was protected below by a 
pise layer that separated it from the looser, surrounding midden/sub-floor preparation 
(locus 719). Above the deposit, a great many layers ofpise flooring measuring at least 15 
em thick protected the feature from subsequent disturbances~ The specific location of the 
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feature protected and preserved the burial contents, while similar assemblages nearby 
may have been more susceptible to disturbances that damaged fragile plant remains over 
time. 
Two human-induced disturbances that likely influenced botanical preservation 
across the site are the activities of trampling and digging into earlier deposits. Floor 
surfaces, as well as refuse disposal areas, were subject to frequent traffic that, depending 
on the soil/substrate compactness, would have further fragmented charred seeds and 
wood. There is also ample evidence for re-excavation of deposits during the Late PPNB, 
when residents often removed plaster floors from the small subterranean rooms (leaving 
only a thin 'crust' of plaster lapping up onto the stone walls) and then later filled the 
space with structure fill sediment. This type of floor-removal and subsequent infilling 
took place in both Space 20 (locus 485) and Space 30 (locus 489), resulting in the 
exposure of deposits below the original surface and the likely mixing of earlier and later 
botanical material. 
Even deposits which appear to be relatively homogenous in sediment type and 
artifact inclusions can exhibit high degrees of vertical displacement. Charred seeds and 
wood may move through the sediment over time due to a "host of natural processes that 
can alter their physical character as well as restructure their association" (Wright 1998: 
129). Burrowing insects and animals sometimes hoard seeds (creating a 'false' 
concentration), or they can disperse accumulations of archaeological material by moving 
sediment upward out of their burrows. Modem harvester ants, which were seen during 
the 2004 and 2007 excavation seasons at el-Hemmeh (C. White, personal observation), 
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are known to carry Boraginaceae nutlets up to tbree meters below the ground surface 
(Borojevic 2011: 840). Boraginaceae nutlets are frequently found in all types of deposits 
at el-Hemmeh, but their presence cannot be attributed to ant activity alone. The silicified 
exoskeletons of these nutlets are exceptionally resilient and often preserve in an 
uncharred state. 
Rodent activity is another significant cause of bioturbation at el-Hemmeh. Rodent 
remains are present in many of the excavated contexts, particularly those dated to the 
Late PPNB (analysis is on-going by M. Belmaker, College of William & Mary). Potential 
rodent dung pellets resembling those of the modem domestic mouse, Mus musculus, have 
also been identified during the analysis of flotation samples. These remains appear to be 
concentrated in the east-central portion of the site where extensive renovations took place 
and the building sequence is somewhat unclear. Small numbers of rodent droppings, 
typically just one or two charred specimens, were identified in light fraction samples 
from Space 20 (locus 485), Space 27 (locus 527), Space 30 (locus 489), and Space 32 
(locus 560). The presence of charred rodent droppings can most likely be explained as an 
accumulation of floor debris, swept into domestic hearths and carbonized, before its 
subsequent re-deposition in midden and structure fill contexts. 
The PPNA midden locus 718 from Structure 1 presents very intriguing evidence 
for animal activities tbrough its botanical and faunal assemblages. Locus 718 contains the 
highest percentage of wild/weedy taxa present from any of the analyzed PPNA contexts 
(1 0%), represented primarily by Boraginaceae nutlets (the highest number of Arnebia 
decumbens-type nutlets found during analysis). The possibility of ant burrowing is 
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compounded by the identification of three charred rodent-type dung pellets in 718, 
suggesting the presence of small animals. Interestingly, a domestic house mouse-type is 
absent from the 718 microvertebrate assemblage. Instead, wild species such as jirds, 
small amphibia, and small birds are present (M. Belmaker, personal communication). The 
presence of these animals, which are not typically found on archaeological sites during 
human occupations, suggests that Structure 1 may not have been inhabited by humans 
year-round (White and Belmaker 2008): Examination of the structure's stratigraphy 
supports this hypothesis with a pattern of floor, midden, and ash layers suggesting a 
seasonal occupation of repeated cycles ofhabitation and abandonment (Makarewicz 
2010: 31). Plant taxa such as the Boraginaceae nutlets may signify that increased insect 
and animal activity occurred during the 718 abandonment phase. Non-anthropogenic 
plant material could then have become charred alongside human-created debris as 
residents returned to Structure 1, cleaning and sweeping contents into combustion 
features. This jumble of material would have been further bioturbated by burrowing 
activities during the next cycle of abandonment. 
Macro botanical remains are subject to a number of other post-depositional 
processes. The effects of these processes on the physical and chemical breakdown of 
charred plant material are greatly influenced by the manner in which the remains were 
initially carbonized (i.e., firing temperature, duration of charring event) (Braadbart 2004; 
Braadbart et al. 2009; Wright 1998, 2003). A recent study by Braadbart et al. (2009) 
notes that seeds and wood undergo similar changes in molecular composition and 
structure at temperatures above 300 degrees C. Remains charred above this temperature 
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experience increased fragmentation rates, particularly if deposited in alkaline soil 
conditions with a pH of 8.5 or above (Braadbart et al. 2009: 1674, 1678). Four pH 
measurements taken from Late PPNB sediments at el-Hemmeh provide an average pH 
reading of 8.35 (Table 4.3). Two of the readings from el-Hemmeh are above 8.5, 
suggesting variable but generally high levels of soil alkalinity at the site. This observation 
is particularly important given that cooking features are likely to be rich in ash, with a pH 
between 8.5 and 9.25 (Braadbart et al. 2009: 1674) and may not, in fact, be conducive to 
the preservation of seeds and fragile chaff. 
Two other important factors may have contributed to the destruction of plant 
remains at el-Hemmeh: fluctuations in moisture level and temperature. Seasonal cycles of 
wetting and drying, often associated with flooding events, can cause the most damage to 
charred remains (Wright 1998: 138). Wetting and drying events likely occurred at el-
Hemmeh during the early Holocene. Nights with dew could have exposed carbonized 
plant remains in uncovered areas to daily cycles of wetting and drying, increasing their 
fragmentation rate. Larger-scale events of periodic wetting could have affected the site 
given the presence of seasonal wadi runoff between el-Hemmeh and Jebel ed-Dakhir. 
Within the deposits ofPPNA Structure 1, amphibious taxa (e.g., snake, lizard, toad) were 
identified in a number of samples (loci 718 and 721) (White and Belmaker 2008). The 
presence of these taxa suggests a water source was located nearby. Runoff from the 
winter and early spring rains could have inundated portions of the site when Structure 1 
was unoccupied during the PPNA (M. Belmaker, personal communication). It is also 
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possibly that these amphibious taxa are related to a spring or pool unrelated to seasonal 
wetting of the site. 
Perhaps it is no coincidence that the permanent residents at el-Hemmeh during the 
Late PPNB may have taken precautions against the effects of seasonal flooding. 
Excavation has revealed a network of sub-floor channels running beneath the plaster 
floors in many of the larger rooms (Makarewicz 201 0). Similar channels at other Late 
PPNB sites could have reduced the impact of seasonal flooding by collecting water and 
directing it down slope and off-site (Goring-Morris and Belfer-Cohen 2010). The 
carbonized plant remains recovered from the channels at el-Hemmeh have a varied 
pattern of preservation: the contents of channel506 (Space 12) are very poorly preserved 
with a non-wood density of just 0.01 giL, while channel563 (Space 20) is quite rich in 
charred remains with a non-wood density of 0.03 giL (Table 6.9). Moreover, the 
botanical composition of the channel563 assemblage is very similar to its overlying 
deposits (562 and 485) despite a stratigraphic separation (i.e., a plaster floor, sub-floor 
debris, and stone slabs. Each of the botanical assemblages contain a very high percentage 
of small legumes (73%, 70%), the highest percentages of small legumes found on-site 
(Figure 6.37). The strong similarity in botanical composition suggests the contents of the 
I I • 
563 channel are related to the assemblages abov~. It is possible that the channel was 
accessible from above, although it is currently unclear how this might have occurred. 
In many instances, relatively high levels of seed preservation are due to the 
protected location of a given locus. Features and architectural formations, such as walls, 
plaster floors, bins, etc., served to limit the level of disturbance caused by rodents, 
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insects, bacteria, and moisture. Three such protected loci are located directly beneath 
thick plaster floors in Spaces 17, 21, and 23. Two of these loci have been identified as 
sub-floor preparation material, most likely re-deposited from a local midden area prior to 
the construction of a new floor surface. These contexts, locus 492 and 553, are both rich 
in small legumes (69%, 54%) and wild/weedy taxa (11 %, 12%), reflecting a general 
midden/structure fill-type assemblage (Figure 6.43). A more unique botanical 
assemblage is that oflocus 555, located in Space 23 beneath floor 465 (Figure 6.41). 
Unlike the sub-floor preparation contexts, locus 555 is comprised of 90% charred cereal 
grains, one-third of which possess evidence for processing/grinding. This deposit appears 
to be a single-deposition event of hearth material from a cereal cooking feature. Locus 
555 possesses one of the highest densities of non-wood specimens (0.061 giL) discovered 
anywhere on site, as well as one of the lowest wood charcoal fragmentation rates (55.4% 
>2 mm). The low fragmentationrate is comparable to the plaster-capped in situ hearth 
feature discovered in Space 12 (54.2% >2 mm), suggesting the 555 remains were dumped 
directly from a hearth feature into Space 23. The "capping" of sub-floor deposits 
provided a protective barrier that shielded the plant remains from additional post-
depositional disturbances. 
7.2.5 Macro botanical Preservation 
The topic of macro botanical preservation at el-Hemmeh has been examined at 
two levels: 1) rates of fragmentation for plant taxa, and 2) rates of preservation for 
archaeological contexts. The fragmentation rates for plant species were calculated using 
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whole seed weights (when available) for each taxon. These taxon-specific calculations 
provide a means of quantifying levels of over-represented plant specimens, such as 
Pistacia nutshell fragments. Because seed fragmentation may occur before, during, or 
after charring events, identifying most causes of specimen fragmentation is extremely 
difficult. An additional factor to consider is the possibility of specimen fragmentation 
introduced by the archaeobotanist. Specimens may be damaged during excavation and 
sampling, processing in the flotation tank, during sample packing and transport, as well 
as in the lab setting during sub-sieving and analysis (Wright 1998). 
In addition, fragmentation rates are influenced by the particular skills of the 
analyst. Seed fragments cannot be attributed to their correct taxon if they cannot be 
reliably identified at the microscopic leveL Attempts at identification may be 
compounded by issues of specimen distortion caused by high charring temperatures, as 
well as weathering and loss of diagnostic characteristics. Ultimately, however, taxonomic 
designation is dependent on the abilities of the analyst- a highly important variable that 
has not received much attention in the archaeobotanicalliterature to date (Wright 1998: 
193; see also Nesbitt et al. 2010 and Miller 2010). 
One way to assess an individual's archaeobotanical skill-set, and the level to 
which they find it useful to identify seed fragments, is through the calculation of seed 
fragmentation rates. This index quantifies the level at which specific taxa has been 
identified (e.g., number of specimens per whole seed) based on the diagnostic 
characteristics visible to the analyst. In this study, specimens were identified from both 
the larger 2 mm and 1 mm sieve fractions as either whole seeds or seed fragments. From 
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the 0.5 mm fraction, however, only whole identifiable seeds were counted (due to the 
high number of non-specific fragments). Seed fragmentation rates at el-Hemmeh were 
then calculated using the whole seed weights for 53 plant taxa identified in the PPNA 
deposits (Table 5.5). 
The taxon with the highest fragmentation rate is Pistacia nutshell with an average 
of over 28 fragments identified per weight of a single whole seed. Such a high rate of 
fragment identification is unsurprising given that the nutshell pieces are quite diagnostic 
and do not resemble any other type of specimen within the PPNA deposits. Other plant 
taxa with high fragmentation rates also have clearly diagnostic features, such as the 
crenulated coat of Medicago radiata or the open boat-shape of Plantago seeds. Six of the 
top seven plant taxa with the highest levels of fragmentation belong to the Poaceae 
family. Scholars such as Colledge (1994: 152) have noted that members of this family 
possess a high seed breakage rate due to the long, slender shape of the grains. In addition, 
the grains have a unique endosperm appearance which makes identification of even small 
fragments often possible to the family leveL 
Small seeds recovered in the 0.5 mm sieve possess a much lower fragmentation 
rate. Hillman (1981: 140) points out that small, dense items are much more likely to 
survive the carbonization process intact than light, fragile remains such as cereal chaff. 
Plant taxa with small, hardy seeds include Astragalus, Melilotus, and other small-seeded 
legumes, each with a fragmentation rate around 1.0 indicating that the seeds were 
generally found in a whole state. However, the whole state of small legume seeds at el-
Hemmeh is also a product of the identification criteria used by the analyst. From the 0.5 
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mm fraction, only whole identifiable seeds were counted. This bias is reflected in the 
fragmentation index, appearing as if small seeds are more likely to be preserved whole 
than larger specimens. In reality, however, the low fragmentation rates for the small seeds 
reflect an artificial bias, and it is likely that small-seeded legumes are under-represented 
in the final seed counts for the Late PPNB. 
Another means of examining macro botanical preservation rates is through a 
comparison of macro botanical assemblages by context. This type of comparison was 
carried out using two types of measures: 1) the density of non-wood remains per liter of 
floated sediment (giL); and 2) the percentage of wood charcoal fragments greater than 2 
mm in size (compared with smaller 1 mm charcoal fragments). The data are arranged in 
Tables 7.3 and 7.4 to compare rates between contexts, context types, and periods of 
occupation. 
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Table 7.3 Densities of non-wood plant remains (measured in giL of archaeological 
sediment) by context type for the PPNA and Late PPNB deposits. 
Context Type: PPNA Deposits Late PPNB Deposits 
Locus Non-Wood Average ±St. Locus Non-Wood Average± St. 
Density (giL) Dev. Density (giL) Dev. 
Hearth 717a 0.001 305 0.000 
717b 0.019 455 0.088 
732 0.009 479/481 0.010 
n=3 0.010 ± 0.009 n=3 0.033 ± 0.048 
Floor Surface 715a 0.008 141 0.002 
721 0.030 333 0.009 
464 0.016 
470 0.013 
560 0.026 
562 O.D15 
1001 0.012 
n=2 0.019 ± 0.016 n=7 0.013 ± 0.007 
Architectural 707 0.007 
710 0.002 
n=2 0.005 ± 0.004 
lVIidden 713 0.002 461 0.004 
718 0.042 485 0.007 
729 0.006 555 0.061 
n=3 0.017 ± 0.022 n=3 0.024 ± 0.032 
Structure Fill 715b 0.005 145 0.016 
719 0.040 353 0.012 
720 0.130 378 0.013 
790 0.047 408 0.009 
410 0.003 
422 0.011 
487 0.008 
489 0.005 
491 0.009 
492 0.006 
508 0.007 
513 0.011 
518/530 0.009 
527 0.005 
553 0.011 
1000 0.011 
n=4 0.056 ± 0.053 n=16 0.009 ± 0.003 
Channel 506 0.007 
563 0.025 
n=2 n=2 0.016 ± 0.013 
Disturbed 702 0.003 
n/a 
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Table 7.4 Percentages of2 mm wood charcoal fragments (compared with 1 mm wood 
charcoal) as an indicator of favorable botanical preservation rates in the PPNA the Late 
PPNB deposits. 
Context Type: PPNA Deposits Late PPNB De~ osits 
Locus >2mm% Average ±St. Locus >2mm% Average ±St. 
(2:1 mm) Dev. (2:1 mm) Dev. 
Hearth 717a 86.9 305 n!a 
717b 36.7 455 36.8 
732 26.3 479/481 54.2 
n=3 49.97± 32.4 n=2 45.50 ± 12.30 
Floor Surface 715a 42.6 141 n!a 
721 45.2 333 66.2 
464 37.7 
470 50.3 
560 40.5 
562 40.3 
1001 51.8 
n=2 43.90 ± 1.84 n=6 47.80 ± 10.70 
Architectural 707 18.8 
710 43.5 
n=2 31.15 ± 17.47 
Midden 713 15.9 461 69.4 
718 45.0 485 34.4 
729 59.9 555 55.7 
n=3 42.27± 22.38 n=3 53.17 ± 17.64 
Structure Fill 715b 49.5 145 n!a 
719 38.4 353 40.6 
720 40.0 378 49.0 
790 41.3 408 40.5 
410 41.2 
422 34.3 
487 15.7 
489 18.8 
491 42.9 
492 52.8 
508 32.7 
513 46.1 
518/530 39.1 
527 23.3 
553 58.8 
1000 37.8 
n=4 42.30 ±4.94 n=15 38.24 ± 11.98 
Channel 506 12.3 
563 37.4 
24.85±17.75 
Disturbed 702 28.4 
n!a 
The overall densities of non-wood remains appear to be highly variable for the 
PPNA and Late PPNB periods at el-Hemmeh. Poor levels ofmacrobotanical preservation 
are indicated by the low densities of non-wood plant remains found in most of the 
contexts, with only four PPNA and four Late PPNB loci possessing densities over 0.02 
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giL (Table 7.3). Comparable density data from other contemporary archaeological sites 
in the southern Levant is available from Colledge (2001), calculated as the number of 
identified non-wood specimens per liter of floated sediment. The range for the PPNA 
deposits at el-Hemmeh is 1.50-122.56 NISP/L with an average of 19.98 items/L (Table 
5.10). Comparable densities and generally poor preservation are also found at 
Epipaleolithic sites such as Wadi el-Hammeh 27 (0.001-8.32 NISP/L) and Wadi el-Jilat 6 
(0.07-5.11 NISP/L), and late PPNA/Early PPNB sites including Iraq ed-Dubb (13.00-
104.70 NISP/L) and Wadi el-Jilat 7 (1.40-9.34 NISP/L) in Jordan (Colledge 2001). These 
numbers suggest that at many sites in the region, macro botanical preservation of non-
wood remains is quite poor unless special features (e.g., burned granaries and bins of 
stored seeds) are encountered during excavation. Two unique features at el-Hemmeh 
contained high densities of plant remains, a PPNA structure fill with a non-wood density 
of 0.13 giL (locus 720) and a Late PPNB cereal hearth dump with a density of 0.06 giL 
(locus 555). However, thes contexts are not recognized as Class A primary deposits; 
instead, the protected locations of these contexts beneath solid, thick floors served to 
minimize the effects of post-depositional disturbance. 
A novel method of assessing botanical preservation rates was first developed by 
Shelton (2008) using a comparison of wood charcoal specimen sizes. Before undergoing 
carbonization, the majority of wood fuel thrown into hearth fires is larger in size than 2 
mm, even if twigs and brush are a major fuel component. Through the charring process 
and effects of subsequent post-depositional damage, wood charcoal is broken down into 
much smaller fragments. At el-Hemmeh, recovered wood specimens are typically no 
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larger than 4 mm, and most are 0.5 mm or smaller in size (nearly indistinguishable ash). 
In her analysis, Shelton sub-divided wood charcoal into specimens larger than 2 mm, and 
smaller specimens between 2 mm and 1mm, illustrating the 2:1 mm ratio of fragments as 
a percentage (2008: 193, 218). A similar technique has been utilized at el-Hemmeh in 
which the ratio of2:1 mm wood charcoal (by weight) is represented as the 2 mm 
percentage for each context (Table 7.4). A very high percentage of>2 mm wood 
charcoal is thus indicative of a low rate of wood fragmentation, suggesting favorable 
charring conditions (in which complete combustion into ash did not occur) and minimal 
post-depositional damage. 
The percentage of 2 mm wood charcoal preserved in the contexts at el-Hemmeh 
ranges from between 15.9-86.9% for the PPNA deposits and 15.7-69.4% for the Late 
PPNB. These percentages suggest that fragmentation rates are highly variable depending 
on the type of context sampled (e.g., hearth, midden), its depositional class (e.g., primary 
Class A, secondary Class B, or tertiary Class C), and the extent of post-depositional· 
processes affecting botanical preservation (e.g., rodent burrowing, alkaline soils). Some 
contexts with very high percentages of 2 mm charcoal are clearly misleading, such as the 
PPNA hearth feature 717a. This context possesses a 2 mm charcoal percentage of 87.9%, 
but only contains a tiny number of identifiable wood specimens (n=7) and a huge amount 
of <0.5 mm ash. This ash was not factored into calculations and likely contains a mix of 
fragmented wood charcoal and seeds. Other contexts with excellent levels of non-wood 
preservation have much lower 2 mm charcoal percentages. The richest PPNA contexts, 
those from Structure 2, have 2 mm charcoal percentages between 38.4-41.9%. 
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Why would a sample with well-preserved seeds and chaff contain only moderate 
levels of wood charcoal preservation? If specimens within a sample experienced the same 
conditions of carbonization, wouldn't seeds and wood have relatively similar levels of 
preservation? The answer may lie in the fact that loci 719, 720, and 790 from Structure 2 
most likely originated from the same secondary midden deposit - and their assemblages 
therefore reflect a variety of refuse events with varying levels of preservation (Figure 
5.19). 
Wood charcoal is better preserved in the Late PPNB assemblage, although 
preservation rates still vary greatly in the tertiary midden and structure fill contexts. The 
in situ hearth context 479/481 from Space 12 possesses a 54.2% 2 mm wood charcoal 
fragmentation rate, one of the highest recovered (Table 6.7). The secondary hearth 
deposit of cereal grains recovered beneath the floor of Space 23 exhibits a similar 
percentage (55.7%), suggesting that well-preserved features and deposits at el-Hemmeh 
can be expected to contain ~50-55% wood charcoal in the 2 mm size range. Other 
contexts from the Late PPNB also suggest that well-preserved samples contain 
approximately 50% wood charcoal in the 2 mm size range: two sub-floor preparation 
contexts (locus 492 and 553) with well-preserved non-wood remains contain high 
percentages of2 mm charcoal (52.8%, 58.8%).However, these contexts are categorized 
as Class C structure fill contexts and, like the PPNA deposits from Structure 2, represent 
a mix of refuse and debris re-deposited from elsewhere on-site. 
Thirty-two of the 47 archaeological contexts analyzed from el-Hemmeh (nearly 
70%) represent secondary or tertiary contexts. Within these mixed deposits, wood 
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charcoal fragmentation rates are not necessarily indicative of seed fragmentation rates 
and cannot be used as a proxy method to estimate rates of non-wood fragmentation. In 
fact, the loci with the highest rates of wood preservation in the Late PPNB (based on the 
2:1 mm ratio) belong to a variety of context types: hearths, floor surfaces, middens, etc. 
Within this particular group of contexts with well-preserved wood charcoal, 6 of the 10 
loci also contain the highest densities of seed material (Table 6.7 and 6.8). The 
commonality between these loci is not their context type but their "protected" locations 
beneath layers of plaster flooring, within stone bins, or along stone walls, features which 
may have helped inhibit the effects of rodents, bacterial activity, and wetting/drying 
events. The factors affecting the preservation ofmacrobotanical material at el-Hemmeh 
are undoubtedly complex and are highly variable at the small-scale leveL While some 
contexts demonstrate a clear correlation between high rates of wood and seed 
preservation, wood charcoal fragmentation rates cannot be reliably used to assess levels 
of macro botanical preservation across the site. 
7.3 Vegetation Reconstruction 
The carbonized seed assemblage from el-Hemmeh provides an important starting 
point for reconstructing the composition of plant communities present in the Wadi el-
Hasa during the early Holocene. Habitat preference data was gathered for 52 plant taxa 
identified in the archaeological deposits at el-Hemmeh and is presented in Table 7.5 (van 
Zeist and Bakker-Heeres 1982, 1985; Kislev 1997; Colledge 1994; Colledge 2001; 
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Mithen et al. 2007; Zohary and Hopf2000; Zohary 1973). Over half of the identified taxa 
at el-Hemmeh (53.8%, 28 of 52) are species found in modem steppe or steppe-desert 
environments comprising the Irano-Turanian phytogeographic zone, as defined by 
Zohary (1962). The Irano-Turanian complex is widespread across the western 
escarpments of modem Jordan, predominantly on calcareous steppe soil and rocky hill 
slopes with annual rainfall between 200-350 mm (Zohary 1962: 131). While this type of 
vegetation typically consists of steppe forest and dwarf shrubs, plant communities can be 
further divided into steppe-forest, steppe, and steppe-desert associations. A few species 
identified in the PPNA assemblage, such as Pistacia atlantica as well as very low 
numbers of almond and wild emmer wheat (9 .6%, 5 of 52), are typically found in steppe-
forest habitats. A small number of the identified hydrophytic species, including Ficus 
carica (as well as single specimens of Scirpus and Solanaceae seeds) could suggest a 
moist location near a spring in the wadi bottom or near the runoff channel just west of the 
site. 
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Table 7.5 Habitat preferences for plant taxa identified in the PPNA and Late PPNB 
archaeological deposits at el-Hemmeh (numbers indicate references cited in the footnote). 
Identified Taxa Habitat Preference (in Cited Literature) Presence at 
el-Hemmeh 
Cereals PPNA LPPNB 
Hordeum spontaneum Oak park forest, drier steppe, semi-desert, 
disturbed areas6 
y y 
Triticum dicoccoides Forest, steppe, rocky places, basalt and 
limestone bedrock 6 
y y 
Legumes 
Lens orientalis Stony places, fields3 y y 
Vicia ervilia Fields4 - y 
Vicia sp. Fields, weed of crop fields 1' 3 , slopes2 y y 
Cicer sp. Ilocks,amongshrubs3 y y 
Astragalus sp. Steppe3' 5 , desert3, field weed 1' 3 y y 
Medicago radiata Steppe, desert-steppe1 y y 
Medicago cf. minima Basalt soil, fallow fields3 y 
Medicago sp. Weed offallow and cultivated fields 1' 3 , 
steppe5, grassland2 
y y 
Melilotus sp. Field weed 1, damp and saline fields3 y y 
Onobrychis sp. Steppe, desert4 - y 
Scorpurius sp. Batha, fields, roadsides3 - y 
Trifolium sp. Fields, fallow fields3 - y 
Trigonella astroites Steppe/desert1' 4 , weed of cultivated fields4 - y 
Trigonella sp. Steppe1'L,.:>, desert and saline soilsL, fields and 
fallow fields3 
y y 
Wild Grasses 
Aegilops sp. Fallow fields and alluvial soils3 , steppe\ 
slopes2 
y y 
Avena sp. Fields1 y 
Bromus sp. Fields, saline soils3 , steppe, along 
watercourses4 
y y 
Eremopyrum sp. Steppe, hamada, fields3 y -
Hordeum glaucum Steppe.), ruderal places3' 4 y -
Lolium sp. Field weed 1' 3 - y 
Phalaris sp. Field weed 1' 3, roadsides 1 y y 
Poa bulbosa Calcareous soils:.! y y 
Stipa sp. Steppe3' 4' 5 , desert', stony ground3 , batha2 y y 
Wild/Weedy Taxa 
Adonis sp. Field weed 1' 3 - y 
Aizoon hispanicum SteppeL, .:>, desert'"' 3, saline soils1' 3 y y 
Aizoon sp. Steppe:.!'.), desert"' 3, wadi beds3 y -
Androsace mayima Steppe, fields 1' 3, batha3 y -
Arnebia decumbens Steppe2'.:>, desert2' 3 , arid conditions1 y y 
Centaurea sp. Alluvial soils, fields3 , hamada and deserf y -
Chenopodiaceae Cultivated fields and disturbed ground3 - y 
Erodium sp. Steppe2' 4 ' .:>, desert, fields4, grassland:.! y y 
Fumaria cf. densfflora Fields4 y y 
Fumaria sp. Fields4 , grassland2 y y 
Galium sp. Cultivated and fallow fields3 , springs3 '.) y y 
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Table 7.5 Habitat preferences for plant taxa identified in the PPNA and Late PPNB 
archaeological deposits at el-Hemmeh (continued). 
Identified Taxa Habitat Preference (in Cited Literature) Presence at 
el-Hemmeh 
PPNA LPPNB 
Glaucium cf. corniculatum Fields, steppe, desert" - y 
Heliantheumum sp. Steppe, desert1• "', fields 1 - y 
Heliotropium sp. Cultivated ground and ruderal places, alluvial 
soils inundated in winter3 
-
y 
Lithospermum tenuiflorum Steppe1' 2, fields 1' 3, batha2 y y 
Malva cf. parviflora Crop weed" y y 
Malva sp. Waste places2' 3, cultivated fields3, step12_e5 y y 
Ornitho:;;alum sp. Batha4 , field weed~ - y 
Peganum harmala Steppe, roadsides, waste _places 7 - y 
Planta:;;o sp. Steppe:<·~, desert"', fields 1'", disturbed places1 y y 
Salsola sp. Dry and/or saline habitats7 - y 
Scirpus sp. Wet habitats, marshes"', freshwater swamps1 - y 
Silene sp. Field weed1• 2, deserf y -
Solanaceae Wet places"' - y 
Fruits and Nuts 
Amygdalus sp. Steppe, steppe-forest1' 2' 3, maquis", rocky 
_]J_laces2 
y 
-
Ficus carica River banks, stream valleys, sunny localities1' y y 
2,5 
Pistacia cf. atlantica Steppe, steppe-forest1' 3, wadis, rocky places2, 
solitary stands3 
y y 
l=van Zeist and Bakker-Heeres 1982, 2=Kislev 1997:233, 3=Colledge 1994: Table 4.8, 4=Colledge 2001: Table 4.6, 81-84, 
5=Habitat and Abudance in Hammam Adethni, Jordan (Mithen eta!. 2007: Appendix 22.1 ), 6=Zohary and Hopf 2000, 
7=van Zeist and Bakker-Heeres 1985: 247-316, 8=Zohary 1973 
It is clear that many plant taxa ( 51.9%, 27 of 52) are found in both the PPNA and 
Late PPNB assemblages (Table 7.5), while others, including a number of small-seeded 
legumes and wild/weedy taxa, were recovered in only the Late PPNB samples. Those 
plants which are found only in the PPNA assemblage consist of Eremopyrum and 
Hordeum glaucum, two wild steppe grasses that may have been collected in the spring for 
human consumption (Colledge 2001: 85-91), and a number of wild/weedy taxa. The 
leaves of Aizoon and the roots and leaves of Centaurea, both found only in the PPNA at 
el-Hemmeh, may also have been collected as springtime foods from the steppe-desert. 
Two seeds identified as Medicago cf. minima were recovered in the PPNA samples, a 
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species that makes its home on basalt soils (Colledge 1994: Table 4.8). The presence of 
this legume species is unsurprising given the nearby basaltic volcanic plug of Jebel ed-
Dakhir located to the west of the site. Unlike the wild grasses, the other plant taxa found 
solely in the PPNA deposits are typically represented by just one or two specimens, 
suggesting that these species 1) may not had been a significant presence on the local 
landscape during this period, or 2) were not routinely exposed to carbonization events on-
site. 
The cereal assemblage of the PPNA is dominated by predomesticated barley, 
which was being actively cultivated by the residents of el-Hemmeh. Because of its 
tolerance for poor calcareous soils and arid conditions, barley is one of the most 
widespread cereals of the Levantine region (Willcox 2005). Rain-fed barley cultivation is 
possible at 200-250 mm of annual precipitation, allowing its growth in steppic conditions 
where other less tolerant cereals could not survive. Only a handful of wild emmer wheat 
specimens was recovered from the PPNA samples. Wild emmer was most likely limited 
geographically by the higher levels of precipitation required for its growth (Zohary 
1973), and its habitat may have been restricted in the Wadi el-Hasa, based on the high 
percentage of drought-tolerant plants found in the PPNA assemblage. 
The prevalence of cultivated barley and lentils in the PPNA, as well as the large 
number of steppe and steppe-desert species, suggests a local environment similar to that 
of the contemporary site ofNetiv Hagdud. Kislev (1997: 230) suggests that precipitation 
levels at N etiv Hag dud, located to the north of el-Hemmeh in the lower Jordan Valley, 
reached upwards of300 mm annually, approximately 100 mm more than the area 
414 
receives today. K.islev states that 300 mm of rainfall would have provided "plenty of wild 
barley and some patches of wild wheat or lentil. .. , almond trees might have survived in 
wadis, ... and figs could have grown in wet habitats" (1997: 230). This description of the 
local vegetation bears a striking resemblance to the assemblage at el-Hemmeh, and many 
steppic and steppe-desert plants are present at both sites. These genera include Aegilops, 
Aizoon hispanicum, Centaurea, Erodium, Plantago, Silene, Stipa, and Trigonella species, 
all of which are components of the modem Irano-Turanian dwarf-shrub complex. 
A number of plant taxa (62.8%) identified in the PPNA samples from el-Hemmeh 
are those typically encountered in modem cultivated fields, along roadsides, or found in 
ruderal places (Table 7.5). For many of these species from el-Hemmeh, it is unclear 
whether they represent a component of the natural steppe vegetation or may have begun 
inhabiting areas around the site disturbed by human activities. Areas with high levels of 
anthropogenic disturbance during the Neolithic may have included midden and dump 
heaps, alongside pathways, food preparation and outside cooking areas, and spaces 
cleared of trees. However, ruderal plants may also exist in naturally disturbed locations. 
Places of natural disturbance include wadi beds where debris accumulates, river banks, 
and saline soils (Zohary 1962: 226), as well as locations of landslides and slumps. 
Species which thrive in these disturbed areas as ~ell as in primary plant communities are 
known as facultative plants (Zohary 1973). Many genera from the multi-faceted 
facultative group are present in the PPNA assemblage at el-Hemmeh, such as Vicia, 
Astragalus, Medicago, Trigonella, Aegilops, Stipa, Centaurea, Erodium, Fumaria, 
Galium, Lithospermum tenuiflorum, Malva, Plantago, and Silene species. 
415 
Facultative plants could have easily spread into cultivated areas, given their 
typically wide ecological ranges, and thrived in these anthropogenic environments as well 
as their natural steppe habitat. Thirteen genera are identified as facultative plants that may 
have inhabited areas of cultivation near el-Hemmeh (Table 7.6). Many of these taxa are 
present at other PPNA sites in the southern Levant, and five have been positively 
identified as arable weeds at the PPNA sites of Jerf el-Ahmar and Dja'de farther north 
(Willcox 2012). 
A number of the the potential facultative plants found at el-Hemmeh are also 
edible (e.g., Erodium, Malva, Astragalus, and the other small legumes, and wild grasses 
such as Bromus, Hordeum glaucum and Stipa) or have useful medicinal properties (e.g. 
Plantago, Fumaria, Centaurea) (Oran and al-Eisawi 1998; Colledge 2001, pp. 86-91). It 
is possible that facultative plants inhabiting cultivated fields may have been intentionally 
gathered as lower-ranked food sources (sensu Colledge and Conolly 2010) alongside 
harvested cereals, and may even have been encouraged to grow in these newly created 
field environments. 
One pressing issue of paleoenvironmental reconstruction at el-Hemmeh is the 
question of Lake Hasa to the east and the impact of its drainage on the early Holocene 
vegetation of the wadi bottom near the site. Given the proximity of a spring to the site, it 
is likely that small amounts ofhydrophytic vegetation were present along the wadi 
bottom. Preliminary analysis of the avian bone assemblage from the PPNA deposits at el-
Hemmeh also suggest that large amounts of water-birds were brought to the site (C. 
Makarewicz, personal communication). Unlike the PPNA site of Gesher, however, whose 
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seed assemblage includes specimens from saline marshes (Kislev et al. 2006), evidence 
for water plants at el-Hemmeh is limited. The most abundant wetland specimens from el-
Hemmeh are pips from the fruits of Ficus carica, a wild fig tree found along river banks 
and stream valleys (van Zeist and Bakker-Heeres 1982; Kislev 1997). Impressions of 
reed stems used in construction during the PPNA at el-Hemmeh also suggest access to 
marsh plants, and a few genera present in small numbers in the PPNA samples -
Melilotus, Bromus, and Galium -prefer damp soils in fields or near springs. 
Table 7.6 Potential facultative plants, identified at el-Hemmeh and other PPNA sites in 
the southern Levant, that may have inhabited areas of cultivation (after Wbite and 
M akarewicz 2012: 91). 
el-Hemmeh Netiv Gilgal I Zahratadh- Wadi Gesher Hag dud Dhra2 Faynan 16 
Aegilops y y y - - y 
Androsace maxima* y - - - - -
Astragalus y y - - y -
Bromus y - - y y y 
Centaurea y y - y - -
Erodium y y y y - y 
Fumaria* y y y - - -
Galium y y - - y -
Hordeum glaucum y y y - - -
Lithospermum tenuiflorum y y y y - -
Malva* y y y y - y 
Medicago y y y - y -
Melilotus* y - - - - -
Phalaris y y - - - -
Plantago y 
' 
y f.{;-i' I y y y -
Silene!Gyposphila* y y - y - -
Stipa y y y y y -
TriJ<onella* y y - - y -
* Low-growing species that does not grow taller than 50 c!n •· · 
Data compiled from Kislev 1997; Kislev eta!. 2006, 2010i Rdwards eta!. 2004; and Kennedy 2007 
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Large numbers of identified fig pips and fragments of wood charcoal 
preliminarily identified as Populus cf. tremula further point toward an extant, iflimited, 
hydrophytic vegetation during the Late PPNB period (Makarewicz et al. 2006: 198). The 
presence ofhydrophytic vegetation is corroborated by single seed specimens of both 
Scirpus and Solanaceae, both of which are found in wet places such as marshes and 
freshwater swamps (Colledge 2001). However, their occurrence is complicated by the 
intensified manipulation oflocal field conditions and thepossibility that these wild 
species were growing in watered cereal fields. Without a significant increase in annual 
rainfall during this period, it is doubtful that the local environment of the Wadi el-Hasa 
could have provided the 400 mm minimum of annual precipitation required for the 
growth of emmer wheat (Ozkan et al. 2010) during the Late PPNB period, and no wild 
emmer is found in the Late PPNB assemblage. 
The management of water resources in the emmer wheat fields near el-Hemmeh 
could have provided suitable growing conditions for a group of field species that, unlike 
those of barley fields, were less drought tolerant and required damp soils. This group 
includes genera such as Lolium, Heliotropium, and Ornithogalum, all plants common to 
irrigated wheat fields in the southern Levant today (Zohary 1973). None of these species 
are present in the earlier PPNA deposits at el-Hemmeh, suggesting they may have been 
segetal weeds of the Late PPNB arriving at the site along with the adoption of 
domesticated emmer wheat. On the other hand, iflocal annual rainfall increased 
substantially during the Late PPNB (a possibility not currently supported by the 
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macro botanical data), it is possible that emmer wheat could have been grown in the Wadi 
el-Rasa without the use of water management. 
Other facultative plants found in the Late PPNB assemblage are likely associated 
with cultivated field environments, especially those found in greatly increased numbers 
during this later period of occupation. Given the ecological adapativeness of many 
facultative plants, they likely inhabited cultivated fields as well as primary steppe and 
steppe-desert habitats around the site (Table 7.7). Eight of 11 possible facultative plants 
(72.7%) are also found as components of semi-arid steppe vegetation. Relatively high 
numbers of both Lolium and Phalaris grains suggest these Poaceae species may have 
been species commonly found in fields, along with many species of small-seeded 
Fabaceae types. Some legumes, such as Astragalus, Melilotus, and Trigonella, are present 
at el-Hemmeh during the earlier PPNA period, but their numbers increase greatly during 
the Late PPNB. The large number of small-seeded legumes in the assemblage may 
suggest a successful spread into cultivated field habitats, where they may have been 
grazed upon by domesticated sheep and goats. As Zohary (1962: 217) notes, many ofthe 
present small-seeded legume species and wild grasses in the Near East are intentionally 
cultivated in modem times as forage plants and winter fodder for caprine populations. 
These plants may have been tolerated, encouraged, or even collected from Late PPNB 
field systems as a potential food source for local caprine herds following the cereal 
harvest. 
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Table 7.7 Potential facultative plants and segetal weeds identified in the Late PPNB 
deposits at el-Hemmeh. 
Family Genus Facultative Segetal Primary Habitats r 
Boraginaceae Lithospermum p Steppe, batha 
tenuiflorum 
Heliotropium sp. p 
Cistaceae Helianthemum sp. p 
Fabaceae Astragalus sp. p Steppe, desert 
Medicago sp. p Steppe, grassland 
Melilotus sp.* p Damp and saline fields 
Onobrychis sp. p 
Scorpurius sp. p 
Trifolium sp.* p 
Trigonella sp. p Steppe, desert, and saline 
soils 
Trigonella astroites p 
Geraniaceae Erodium sp.* p Steppe, desert, grassland 
Liliaceae Ornithogalumsp. p 
Malvaceae Malva sp. p Steppe 
Malva cf. parviflora p 
Papaveraceae Fumaria cf. pariflora p 
Glaucium sp. p 
Poaceae Lolium sp.* p 
Phalaris sp.* p 
Bromus sp.* p Steppe, saline soils, 
watercourses 
Stipa sp. p Steppe, desert, batha 
Rubiaceae Galium sp. p Springs, fields 
Ranunculaceae Adonis sp. p 
Totals: 11 12 
*Native species of Palestine that are cultivated in modem times as fodder or forage plants (Zohary 
1962: 217) 
t Information collected from Table 7.6 
In summary, the archaeobotanical data from el-Hemmeh offer a number of 
significant insights about the local paleovegetation of the Wadi el-Hasa during the early 
Holocene. 
1) Although a constant water source was likely available from local springs as 
well as runoff from the plateau (and small amounts of wetland may have been present), 
there is minimal archaeobotanical evidence at el-Hemmeh for the intensive exploitation 
ofhydrophytic vegetation during either the PPNA or Late PPNB periods. There is also no 
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evidence for stands of relict tropical Sudanian vegetation in the el-Hemmeh 
macro botanical record, suggesting this is a later addition to the local vegetation. 
2) Based on the large percentage of wood charcoal recovered in the samples and 
the presence of almond fragments and pistachio nutlets, it is likely that at least regressive 
stands of steppe-forest species were present near d-Hemmeh. In areas of denuded 
vegetation where precipitation levels fell below 300 mm per year, Pistacia atlantica may 
have been relegated to solitary stands (N eef 2004b ). 
3) Most plant taxa identified in both the PPNA and Late PPNB seed assemblages 
are members of the steppe and steppe-desert plant communities of the Irano-Turanian 
phytogeographic zone with average precipitation levels falling between 200 and 350 mm 
per year. 
4) The rain-fed cultivation ofbarley would have been possible during the PPNA 
with precipitation levels of200-250 mm annually, whereas domesticated emmer wheat 
during the Late PPNB would have required upwards of 400 mm of annual rainfalL This 
requirement suggests that water resources may have been intentionally managed to 
irrigate fields during the Late PPNB, or that a significant increase in annual precipitation 
occurred during this period. 
5) The cultivation of crops and intensifying agricultural strategies of the Late 
PPNB are evidenced by a growing number of field species, many of which have no 
correlate in the earlier PPNA assemblage and suggest a segetal/obligatory status as 'field 
weeds' associated with intensively-managed cereals. 
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6) Wild plant species could have been consumed by humans (e.g., Malva, 
Erodium) during both periods of occupation, as well as consumed by herded anll:nals 
(e.g., Astragalus, Trigonella) during the Late PPNB. Some ofthese species may have 
been intentionally encouraged to grow in cultivated fields, thereby increasing the number 
of facultative plants that spread from primary habitats into anthropogenic environments. 
7) Ruderal plant species inhabiting waste places are also present throughout the 
occupation of el-Hemmeh and attest to the high level of anthropogenic disturbance that 
likely occurred in locations such as dump heaps (e.g., Chenopodiaceae) and pathways 
(Peganum harmala) surrounding the site. 
The el-Hemmeh archaeobotanical record, viewed from a micro-habitat 
perspective, provides evidence for access to steppe-desert, steppe, and steppe-forest 
vegetation in the Wadi el-Hasa (Figure 7.1). Some local availability of 
riverine!hydrophytic vegetation was likely as well. This paleovegetation reconstruction 
corresponds with the picture from contemporary PPNA sites along the Dead Sea Rift and 
Jordan Valley and bears a strong similarity to elements of the botanical assemblages from 
Netiv Hagdud and Zahrat adh-Dhra' 2 discussed below (Kislev 1997; Edwards et al. 
2004; Meadows 2004) (Table 7.8). With annual precipitation levels estimated around 
300 mm, rain-fed barley cultivation would have been possible along the Wadi el-Hasa 
floodplain in addition to the collection or cultivation of lentils, fig, pistachio, and many 
other wild plant plants. Like Zahrat adh-Dhra' 2, fruits and nuts from forest and steppe-
forest species are found in low numbers at el-Hemmeh (except Pistacia cf. atlantica 
nutlets), suggesting that forest vegetation may have been limited or present as a degraded 
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batha-type community. This picture may, however, change as future wood charcoal 
analysis by E. Asouti reveals the nature and extent oflocal woodlands. At the PPNA sites 
of Gilgal I and Netiv Hagdud to the north, slightly higher annual precipitation levels of 
300-400 mm would have allowed the growth of steppe-forest species not found in the 
more-arid environments to the south: in particular, the presence of acorns from Quercus 
ithaburensis Decne., which were not found at Zahrat adh-Dhra' 2 or el-Hemmeh. 
Vegetation. Regions 
~ Ste1:pe-fore:st on 
B plateau&hillslopes 
:;:;: Stewe; cull:Mrlion; 
•'•'• grazing 
ftlll Stewe-desert ~lower 
-~e~fu~ 5km 
Figure 7.1 Early Holocene vegetation reconstruction of the Wadi el-Hasa and environs, 
based on the macrobotanical material analyzed from el-Hemmeh. On the higher 
elevations of the plateau, a steppe-forest is proposed with stands of Pistacia atlantica. 
Near the site and along the bottom of the wadi, steppe vegetation is suggested, and here 
areas for cultivation and animal grazing likely existed. To the west at low elevations, 
steppe-desert is suggested. Small amounts of riverine vegetation would have been present 
at local springs. The Hafrra Jins Depression contains a question mark to indicate the 
unknown extent of wetland resources located to the east of the site. 
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Table 7.8 Paleoenvironmental reconstructions for seven Pre-Pottery Neolithic A sites 
located in the southern Levant. 
Archaeological 
Site 
Dhra'** 
Gesher* 
Gilgall** 
el-Hemmeh 
Netiv Hagdud 
WadiFaynan 
16* 
Zahratadh-
Dhra'2 
Vegetation/Environment 
Wadi mouth terrace, 'Ain Waida permanent 
spring; hillslopes and highlands to the east 
Marsh environment (saline soils of the Tavor 
River); Galilee hillslopes for pulse, grass, and 
nut collection 
Wadi floodplain, saline soils to east; poplar and 
tamarisk marshy trees, pistacio on Judean 
slopes 
Semi-arid steppe vegetation, wadi floodplain, 
steppe-desert and steppe on hillslopes, forest 
steppe of pistachio 
Steppe, batha, maquis of pistachio, oak, and 
almond 
Forests associated with permanent water 
sources (riverine woodland), hillslopes, 
highlands, desert; permanent water source 
Dead Sea Plain, permanent spring nearby; 
hillslopes and highlands to the east 
*Poor preservation of macro botanical remains 
** Final results and seed quantities not yet published 
Food Plants 
Cultivated barley, wild wheat, 
fig, pistachio, legumes 
Wild fig and pistachio, wild 
lupine and vetch, wild mallow, 
eat's tail rhizomes 
Cultivated barley and wild oat 
(huge granary), domestic(?) fig 
Predomesticated barley, wild 
emmer, lentils, vetch, fig, wild 
pistachio 
Wild barley, wild emmer 
wheat, wild oat, wild lentil, 
wild vetch, acorns, fig 
Wild fig, wild pistachio, wild 
legumes, wild grasses 
Wild pistachio, wild fig, 
cultivated barley, wild wheat, 
lentil, vetch/pea, grass pea, 
wild grasses 
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Archaeobotanical evidence from el-Hemmeh suggests that the local vegetation of 
the Wadi el-Hasa during the Late PPNB did not differ significantly from the earlier 
PPNA period, despite an approximately 1,200-year hiatus in occupation at the site. The 
same four vegetation zones dominate the seed assemblage with plant taxa identified from 
steppe-desert, steppe, and steppe-forest communities. Species such as Medicago radiata, 
Trigonella astroites, and Salsola attest to steppe-desert conditions near the site, while 
large numbers of fig pips and pistachio nutshell fragments indicate the continued 
presence ofboth wetland and steppe-forest associations accessible to the site's 
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inhabitants. The conditions in the Wadi el-Hasa during this period greatly resemble those 
described by Neef(2004a, 2004b) at the large Late PPNB site of Basta approximately 70 
km to the south of el-Hemmeh. Other contemporary sites with similar 
paleoenvironmental signatures are Ayn Jammam, Es-Sifiya, Dhuweila, and possibly 
Ghwair I and Ba'ja, although detailed quantitative botanical reports are not always 
available for these sites (Neef2004a, 2004b; Waheeb and Fino 1997; Gebel and Bienert 
1997; Mahasneh 1997; Simmons and Najjar 2003, 2006) (Table 7.9). Other Late PPNB 
sites are situated in a variety of environments across the region, including oak forests 
with high levels of annual precipitation (e.g., 'Ain Ghazal, Wadi Fidan A) as well as 
marshy areas dominated by wetland vegetation (e.g., Azraq 31 ). 
At the Late PPNB site ofBasta, Neef (2004a: 213-214) has identified five 
transitional zones of paleovegetation that provided a great diversity of plant species in 
close proximity to the site. These are categorized as an arid steppe zone; a semi-arid 
dwarf-shrub steppe (the dominant type of vegetation in the Basta assemblage); an open 
steppe-forest of juniper and pistachio (Pistacia atlantica); a dense forest-steppe of 
pistachio, almond, and evergreen oak; and a juniper-dominated forest of pistachio, 
hawthorn, and almond. A small amount of riverine vegetation also indicates the presence 
of a perennial stream near the site. The wood charcoal assemblage from Basta is 
primarily composed of pistachio and juniper, P. atlantica and Juniperus cf. phoenicea, 
indicating that the site received around 250-300 mm ofrainfall per year. Neef (2004b: 
297) argues that the climatic conditions during the Late PPNB differed only slightly from 
modem conditions, with a slight increase in annual precipitation levels of 50-100 mm and 
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a slightly higher winter temperature in the past. He notes the same pattern in northern 
Jordan at the site of 'Ain Ghazal, where its Tabor oak-dominated wood charcoal 
assemblage would have required about 50-100 mm greater annual rainfall than today 
(2004b: 298), a roughly ~20% annual increase. 
Table 7.9 Paleoenvironmental reconstructions for nine Late Pre-Pottery Neolithic B sites 
located in the southern Levant. 
Archaeological 
Site 
'Ain Ghazal** 
Ayn Jarnrnarn** 
Azraq31 
Ba]a* 
Basta 
Dhuweila 
el-Hemmeh 
Es-Sifiya** 
Ghwairi** 
WadiFidanA 
Vegetation/Environment 
Deciduous oak (Tabor oak) forest-
steppe 
steppe-forest of pistachio and juniper 
Wet marshy habitat (sedges); steppe-
desert 
Limited local vegetation - steep wadi 
ravine; steppe-forest of juniper and 
pistachio 
Arid open steppe; semi-arid dwarf-
shrub steppe; juniper and pistachio 
steppe-forest; denser forest-steppe of 
juniper, pistachio, almond, and 
hawthorn 
Steppe-desert; Irano-Turanian and 
Sudanian vegetation 
Semi-arid steppe vegetation; pistachio 
steppe-forest; riverine vegetation (fig) 
Steppe-forest and steppe 
Steppe-forest of pistachio and juniper; 
perennial stream (willow); Sudanian 
(date palm) 
Mediterranean woodlands 
*Poor preservation of macro botanical remains 
** Final results and seed quantities not yet published 
Food Plants 
Domestic barley, emmer wheat, pea, 
lentils, chickpeas, fig, almond, pistachio 
Domestic emmer wheat, two-row and 
naked barley, chickpea, lentils, fig, 
grape 
Domestic barley, large legumes, mallow, 
storks bill 
Few emmer wheat; figs, pistachio, 
hawthorn 
Domestic emmer, einkorn, free-
threshing wheat, predomestic barley, 
pea, lentils, bitter vetch, pistachio 
All wild: einkorn wheat, barley, 
storks bill (springtime resources) 
Domestic emmer, domestic/predomestic 
barley, lentils, vetch, fig, pistachio, 
Domestic emmer and barley, almond, 
pistachio 
Domestic emmer, einkorn, and barley, 
pea, fig, pistachio, caper, date palm 
Domestic einkorn and emmer wheat; 
wild and domestic barley 
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211 
Simmons and 
Najjar 2006; 
Simmons and 
Najjar2003 
Colledge 2001: 
171 
f.. slightly higher temperature during the winter months and a slightly higher level 
of precipitation in the Wadi el-Hasa would have provided the 300 mm minimum of 
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annual rainfall required by Pistacia atlantica to form steppe-forest and isolated stands 
arboreal vegetation along the wadi hill slopes. As Neef (2004a: 212) suggests for Basta, 
semi-arid local conditions would have benefited from the existence of an "intact 
environment" with a well-developed soil profile, high water retention capacity, and intact 
vegetation to help prevent soil erosion. Extensive overgrazing by sheep and goats, and 
the resulting changes in plant life and soil loss, do not appear to have plagued the areas 
surrounding the sites of Basta and el-Hemmeh as they do today. Arable farming was thus 
possible near both sites during the Late PPNB, although their location in the marginal 
zone for rain-fed agriculture would have likely limited their reliance on crop cultivation 
(Neef2004a: 215). At the site of el-Hemmeh, where it appears that residents relied more 
heavily on emmer wheat cultivation during the Late PPNB, water-management strategies 
could have been employed to channel water toward stands of drought-intolerant emmer. 
While there is no direct evidence for water management, it is unlikely that an increase in 
annual precipitation occurred during the Late PPNB, given the continued prevalence of 
steppe-desert plant species at el-Hemmeh. Water-management strategies could have 
minimized the effects of year-to-year variation in precipitation rates and the dangers 
associated with intensive cereal cultivation in a marginal steppic environment. 
In conclusion, one of the most significant limitations of vegetation reconstruction 
i 
is the correlation of macro-scale and micro-scale paleoclimatic data. While 
archaeobotanical data may provide an important micro-scale perspective from which to 
examine local paleoclimatic conditions, the composition of archaeobotanical assemblages 
is heavily influenced by the decisions and activities of human populations (Fuller and 
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Weber 2005: 95; Hillman 1973; Dennell1976). It is clear from the number of cultigens 
and field species recovered during flotation at el-Hemmeh that more information about 
the local cultivated environment can be inferred than from the environment as a whole. 
However, these results provide an important starting point for thinking about plant 
communities and types of resources available near el-Hemmeh during the early 
Holocene, as well as the ways in which these plant resources may have been expoited. 
7.4 Subsistence and Food Practices 
Analysis of the macro botanical remains from el-Hemmeh suggests that residents 
of the site sustained a cultivation-focused subsistence economy during both the PPNA 
and Late PPNB periods. Cultivation focused primarily on cereals, supplemented by 
legume collection/cultivation and the gathering of wild fruits, such as fig, and wild 
pistachio. During the PPNA, the most abundant wild plant types are those typically eaten 
as leafY greens (e.g., Malva, Erodium), used for oil or dye (e.g., Arnebia, Pistachio), or 
those that have medicinal properties (e.g., Plantago) (Table 5.3). During the Late PPNB, 
some wild foods are indicated (e.g., Malva, Brassicaceae ), but many wild taxa are likely 
species found growing in intensively cultivated fields (e.g., Ornithogalum, 
Helianthemum, Heliotropium) (Table 6.3). Wild grasses may have been a secondary food 
source during the PPNA (e.g., Hordeum glaucum), but were also likely facultative 
species found in cultivated field environments (e.g., Phalaris, Lolium). 
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Small-seeded legumes here have been arbitrarily separated from the wild/weedy 
group due to their very large numbers in the Late PPNB assemblage. These plants were 
likely collected as a fuel source during the Late PPNB (see van Zeist and Bakker-Heeres 
1982: 234) or were a component of sheep/goat dung collected and burned as fuel. The 
question of an 'animal presence' in the Late PPNB macro botanical assemblage may mean 
that a portion of the seed specimens, particularly wild/weedy taxa, grasses, cereal chaff, 
and small legumes, may represent winter fodder for domestic sheep/goats at the site. An 
agropastoral system of grazing ruminate flocks on the weeds and crop stubble following 
the cereal harvest is a probable possibility at the site during the Late PPNB. 
An emphasis on cultivation during both the PPNA and Late PPNB periods is 
evident from the large number of cereal grains and chaff fragments recovered. Between 
43-50% of the non-wood macrobotanical assemblages are composed of cereal grains and 
chaff in varying states of domestication (e.g., wild, predomesticated, domesticated). 
During the PPNA, the cereal assemblage consists almost exclusively of barley in a state 
of pre domestication. Plump grains and wild rachis internodes indicate that barley was 
being cultivated but that most plants disarticulated without human aid. For a sizable 
percentage (22%) of this assemblage, however, ripped rachis internodes indicate that 
humans intervened to separate the barley spikelets manually, suggesting that some barley 
may have been harvested while partially immature. Such a strategy would have resulted 
in the collection of more grains per spike while minimizing grain loss during the harvest. 
The Late PPNB cereal assemblage composition appears quite different from that 
of the PPNA period. Fully domesticated emmer wheat represents about half of the cereal 
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remains from this period. At least a portion of the Late PPNB barley still appears to be in 
a state of predomestication, much like that ofthe PPNA. While all the Late PPNB barley 
grains are plump and domestic-size, half of the barley rachis internodes are of a domestic 
type and half possess a wild scar. The partially domestic barley assemblage suggests that 
harvesting in the Late PPNB may have occurred before the barley was fully ripened (as is 
argued for the PPNA) in order to maximize collection before natural seed dispersal took 
place. 
Domesticated emmer wheat from the Late PPNB, on the other hand, could have 
been harvested when it reached full maturity. Separating the spikelets and then removing 
the glumes would have required intensive dehusking activities. Over 42% of the Late 
PPNB wheat rachis internodes at el-Hemmeh possess a tear-off scar indicating that 
dehusking took place. Furthermore, many cereal grains also possess evidence of 
processing activities. In the Late PPNB assemblage, nearly 17% of cereal grains are 
actually fragments of processed grain (and in one Late PPNB context, this number rises 
to nearly 30%). Grains were ground into a coarse meal, or groats, resulting in a distinct 
breakage pattern. During the Late PPNB, it is clear that grain processing was a frequent 
activity around residential areas. Evidence for processed grain in the PPNA, however, is 
scant- just 2% of cereal specimens display evidence of processing. The discrepancy 
between the two periods may suggest that different techniques were used in cereal 
preparation, or that processing activities took place outdoors or off-site during the PPNA. 
7.4.1 PPNA Barley Predomestication 
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Evidence for cereals is prevalent in the archaeological deposits at el-Hemmeh, 
with grain and chaff fragments representing 52.4% of the PPNA macrobotanical non-
wood assemblage (n = 2,002). The majority of cereal grains, fragments, and chaff possess 
morphological characteristics consistent with wild barley (Hordeum spontaneum ), 
although a few specimens of wild emmer (Triticum dicoccoides) were also identified 
during analysis. Barley grain fragments and chaff are very ubiquitous across the sampled 
PPNA contexts with specimens found to be present in 23 of the 25 sampled loci. 
Fully domesticated cereals expressed a set of functional traits referred to as the 
'domestication syndrome'. The traits differ from those found in wild progenitors due to 
the selection pressures created within anthropogenic environments (Zohary and Hopf 
2000; Fuller 2007). Traits of the 'domestication syndrome' include the elimination of a 
seed dispersal mechanism, manifested as a tough rachis that does not disarticulate, and 
the selection oflarger seeds (Fuller 2007; Zohary 1996; Hillman and Davies 1999). These 
traits do not all occur simultaneously in cultivated cereal populations: evidence for an 
increase in grain size occurs prior to a non-shattering rachis (Allaby 2010; Willcox et al. 
2008; Hillman et al. 2001; Fuller 2007). An intermediate stage in which cultivated plants 
retain some wild characteristics while being actively cultivated by humans is known as 
predomestication cultivation (Hillman and Davies 1999). The phenomenon of 
predomestication is defmed by the presence of cultivated-size cereal grains alongside 
wild rachis internodes exhibiting a smooth, naturally disarticulating abscission scar. 
Measurement of grain size can be a useful indicator of predomestication 
cultivation. In tilled soils, selection favors plants that produce large grains, since large 
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seeds are better able to survive deeper burial conditions and produce larger seedlings 
(Purugganan and Fuller 2009; Harlan et al. 1973: 318). In order to determine whether 
barley was cultivated at el-Hemm.eh, metrical analyses of whole or semi-fragmented 
Hordeum grains were performed following the protocols outlined by Colledge (1994), 
Willcox (2004) and Meadows (2004). Forty-two percent (n = 33) of the measured barley 
grains at PPNA el-Hemm.eh were categorized as a wild type based on established size 
indices (Table 7.10). Cultivated-sized grains are present in 18 of the 25 samples at el-
Hemm.eh and represent 38% of the-measured barley grain assemblage (n = 30). 
Analysis ofmacrobotanical remains suggest that barley recovered from el-
Hemm.eh is in a state of predomestication. A similar percentage of large-sized grains is 
seen at the nearby PPNA site of Zahrat adh-Dhr?-' 2, where predomestication is also 
argued (Edwards et al. 2004). In contrast, 80% ofbarley grains recovered from the PPNA 
levels at Jerf el-Ahmar fall within the cultivatedrange (Willcox 2004), and a small 
sample from Gilgal I revealed 100% of barley grains within the cultivated-size range 
(Kislev et al. 2010). Although assigning a standard metrical cut-off point in order to 
categorize seeds as wild or cultivated is common analytical practice, grain size alone is 
not a reliable indicator of cultivation, especially given the diversity of grain size and 
shape in modem barley populations (Nesbitt 2004; van Zeist and Bak:ker-Heeres 1982). 
Nevertheless, the sizes of barley, emm.er, and einkom grains do increase over the course 
of the Pre-Pottery Neolithic period in the Levant, suggesting that this trait does correlate 
with intensifying cultivation practices in the region (Willcox 2004; Fuller 2007; Allaby 
2010). 
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Table 7.10 PPNA barley grain and rachis internode types with the fmal counts, weights, 
and the percentages of measured and identified specimens. 
Barley Grains Ct. Wt. (g) % 
Hordeum§JJOntaneum wild-size 33 0.150 41.8% 
Hordeum ~ cult-size 30 0.179 38.0% 
Hordeum sp. intermed 16 O.D75 20.2% 
79 0.404 100% 
Hordeum sp. "ground" frag 12 0.011 
Hordeum sp. indet frag 144 0.200 
Total: 235 0.615 
Barley Rachis Internodes Ct. Wt. (g) % 
Hordeum spontaneum wild type 50 0.025 76.9% 
Hordeum sp, domestic type 4 0.003 6.2% 
Hordeum ~ ripped type 11 0.010 16.9% 
65 0.038 100% 
Hordeum sp. indet 32 0.014 
Total: 96 0.052 
In addition to grain size, rachis morphology can also offer insight into cereal 
management practices. The categorization of diagnostic rachis internodes is dependent on 
the presence of a visible abscission scar. Wild-type internodes at el-Hemmeh are 
distinguished by a visibly smooth abscission scar and possess either an intact base or 
much more frequently, a fragmented base. Domestic-type internodes exhibit a rough 
abscission scar characterized by an adhering portion of the above internode, as well as a 
fragmented base. Further analysis also revealed a category of rachis internodes 
possessing a ripped abscission scar and ventral surface (Figures 5.6 and 5.12). Tanno 
and Willcox (2012) have also referred to this damaged scar morphology as a tear-off scar. 
The rip extends from the. abscission scar down the ventral surface of the internode to its 
fragmented base. Of the 65 rachis fragments with an identifiable abscission scar 
recovered from the PPNA deposits at el-Hemmeh, 76.9% possess a smooth abscission 
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scar indicative of wild barley (Table 7.10). Six percent of specimens (n = 4) exhibit the 
rough scar morphology associated with the non-shattering domestic type, a recessive trait 
encountered in up to ten percent of wild populations (Kislev 1999). Surprisingly, 16.9% 
of the assemblage (n = 11) display a ripped scar and ripped ventral surface. 
The presence of irregular node scars is also noted in the barley assemblage at 
Netiv Hagdud (Kislev et al. 1986, p. 199) and for einkom in PPNA levels at Tel Qaramel 
(Willcox, personal communication). Tanno and Willcox (20 12: 11 0) recently published 
data from a number of early Neolithic sites in Syria and Turkey and found that ripped 
rachis internodes are frequent amongst the specimens examined in their study. Over 82% 
of the hulled wheat spikelets possessed a tear-off scar (n=6,464), whereas just 3.5% of 
the barley spikelets display the same tear-off morphology (n=159). Subsequent 
ethnoarchaeological experiments revealed that the tear-off scar is created during late-
stage (post-storage) dehusking activities wherein cereal grains are separated from their 
adhering glumes (2012: 115). However, the experiments conducted by Tanno and 
Willcox focused on hulled emmer and einkom wheat spikelets, which require heavy 
processing due to the thick glumes surrounding the grains. Barley spikelets, on the other 
hand, possess vestigial glumes and do not require the same intensive steps to separate the 
edible grains from the inedible chaff. 
The percentage of tear-off scars within the barley spikelet assemblage identified 
by Tanno and Willcox (3.5%) is far lower than the 16.9% identified from the PPNA 
samples at el-Hemmeh. One potential reason for the higher incidence of ripped scars at 
el-Hemmeh could be more intensive spikelet processing. However, just 0.4% of analyzed 
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grain fragments display the broken, bulging appearance indicative of grinding/pounding 
activities (n=37). Instead, I argue that the ripped specimens from el-Hemmeh likely 
reflect an intensive harvesting and early-stage processing sequence. 
Experiments with harvesting wild barley indicate that the percentages of non-wild 
abscission scars increase dramatically when wild barley is harvested in an immature state 
(White and Makarewicz 2012; see also Kislev 1999). The experimental threshing of 
partially unripe barley demonstrates that the ripped type internodes are produced through 
the process of disarticulating by hand (Kislev 1999, p. 53; G. Willcox personal 
communication). Fresh, wild barley ears, hand-harvested in a milk-ripe to green state, 
were manually separated by pulling apart the spikelets in a quick downward motion 
(White and Makarewicz 2012). Of the 50 processed spikelets, five of the specimens 
exhibited a ripped morphology similar to the archaeological specimens from el-Hemmeh 
(Figure 7.2). Nine additional modem specimens possessed a domestic-type break with an 
adhering rachis base. The remaining spikelets (n = 36) exhibited a clean, wild-type rachis 
scar, despite their having been harvested before full maturity (Table 7.11). 
Table 7.11 Results of experimental threshing (by hand) of 50 unripe wild barley 
spikelets. (Specimens collected near Tell es-Safi, Israel.) 
Rachis Scar Morphology NISP (n=) Percentage 
Ripped tear-off scar 5 10.0 
Wild smooth scar 36 72.0 
Domestic rough scar 9 18.0 
Total: 50 100.0 
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Figure 7.2 Modem wild barley spikelets experimentally harvested in a milk-ripe/green 
state. (Left) A rachis internode with a smooth, wild type abscission scar; (Right) a rachis 
internode exhibiting the ripped morphology of a tear-off scar. (Scale= 1 mm) 
These experiments provide an interesting perspective for considering the barley 
rachis assemblage from the PPNA deposits at el-Hemmeh. First, it is clear that the 
harvesting of unripe barley, and its subsequent hand-disarticulation, may result in a 
ripped rachis form similar to that encountered at el-Hemmeh. These activities also 
produce both domestic and wild-type rachis forms. Approximately 70% of the barley 
experimentally harvested possessed a smooth, wild-type abscission scar after hand-
disarticulation. This high percentage corresponds well with the percentage (76.9%) of 
wild rachis internodes from el-Hemmeh. 
The harvesting of partially immature stands ofbarley would have maximized 
yield by allowing the collection of fully articulated spikes before significant loss caused 
by natural dispersal. But what techniques might have been used to harvest whole barley 
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spikes? One likely method is that of a sickle or knife used to cut the stems of the plants 
below the spike (Hillman and Davies 1999; Kislev 1999; Anderson 1999; Unger-
Hamilton 1999). This is evidenced at el-Hemmeh by the fact that at least a portion of the 
barley appears to have been harvested low on the straw. At least six of the potential 
weeds from the PPNA deposits listed in Table 7.6 are low-growing species that reach 
only 10-50 em in height at maturity (van Zeist and Bakker-Heeres 1984: 289). 
The identification oflow-growing facultative plants in the assemblage could 
indicate that barley was harvested close to the ground, allowing for the collection of 
straw along with the grain (Anderson 1999: 137-138). The rich flll deposits from 
Structure 2 (loci 719, 720, and 790) contain seeds from low-growing species such as 
Androsace maxima, Melilotus sp., Silene sp., Malva sp. and Trigonella sp. in addition to 
multiple Poaceae culm nodes. The presence of straw at the site is also evidenced by stem 
and chaff impressions in pise from Structure 1, indicating that crop processing waste was 
used as a component in building construction. Additionally, three ripped rachis fragments 
were identified from the floor surface of the fmal occupation of Structure 1 and were 
found in conjunction with two sickle blades with adhering gloss. 
Archaeological evidence from other Near Eastern sites suggests that harvesting 
may have occurred using a sickle tooL Unger-Hamilton (1985, 1989, 1991) and Anderson 
(1991, 1999) have argued that the build-up of sickle gloss on utilized stone tool edges is 
the result of intensive cereal harvesting activities in the Epipaleolithic and Neolithic 
periods. Microscopic striations observed in the gloss build-up on sickle blades indicate 
that wild cereals were harvested on tilled soils, or they were harvested very close to the 
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ground surface (Anderson 1991: 551-552). Experimental sickle-harvesting by Anderson 
(1991: 550) and comparison to Natufian sickle blades from a variety ofEpipaleolithic 
sites in the southern Levant demonstrate that sickles were used to harvest stems in a 
green or semi-green state close to the ground. While the Natufian sickles analyzed in 
Anderson's study are earlier than the PPNA deposits at el-Hemmeh, it is wholly 
reasonable that the same types of harvesting strategies could have continued into the 
early Neolithic period. Additional experiments with PPNA blades from the site ofDhra' 
suggest that harvesting with sickles was intensively carried out and that sickle-tools were 
re-used for repeated seasons ofharvesting (Goodale et al. 2010). The macrobotanical 
assemblage from el-Hemmeh is the first to corroborate these arguments for the sickle-
harvesting of immature barley spikes. 
7.4.2 Late PPNB Agropastoralism 
Approximately 1200 years after the late PPNA occupation at el-Hemmeh, Late 
PPNB residents constructed a settlement of densely packed, frequently-renovated spaces. 
These spaces often consisted of two or more stories, and large subterranean rooms were 
repeatedly remodeled into small, cell-type storage areas accessed from above. While the 
second story architecture has not survived (except for the stone stairs leading up to it and 
the wall slots for floor crossbeams), the contents of the subterranean rooms provide much 
information about subsistence practices during the Late PPNB. Three intertwined themes 
are discussed here as essential components of an emerging agricultural system at el-
Hemmeh: 1) the intensifYing cultivation ofbarley and emmer wheat; 2) an increased 
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manipulation of field conditions; and 3) the management of domesticated sheep and 
goats. 
The cultivated cereals of the Late PPNB are markedly different from the earlier 
PPNA occupation at the site. Barley grains are still the most abundant cereal recovered 
(n=117), but emmer wheat grains follow closely behind (n=77). Late PPNB grains fall 
squarely in the cultivated range and are dominated by large plump seeds, unlike in the 
PPNA, where measured barley grains fell into a wild, intermediate or cultivated size 
range (Table 7.10). The Late PPNB barley is thus referred to as Hordeum 
spontaneum/distichum because plump grains may also occur in naturally-dispersing 
populations as part of the predomestication cultivation syndrome (Puruggan and Fuller 
2009; Harlan et al. 1973). However, the rachis internode assemblage is decidedly 
ambiguous (discussed below), and it is likely that barley at el-Hemmeh represents a plant 
population containing both predomesticated and domesticated individuals (White and 
Wolff, in press). 
The status of emmer wheat, on the other hand, is much clearer. Microscopic 
analysis revealed two overlapping grain morphologies: a thin grain with a slightly 
concave ventral surface and extended dorsal ridge, and a smaller, plumper grain with a 
flat ventral surface and a more truncated apex (Figure 7.3). Both grain types are much 
larger and fuller than the wild types identified in the PPNA deposits and, together with 
the chaff evidence, point toward a fully domesticated emmer wheat. There is, however, 
some question as to whether the very plump wheat grains might not reflect a possible 
free-threshing variety. However, no rachis internodes of Triticum aestivumldurum were 
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recovered from the Late PPNB deposits from el-Hemmeh, so the possible presence of a 
free-threshing wheat type remains unknown at this time. 
Figure 7.3 Varying morphologies of emmer wheat grains (plump-type) recovered from 
the Late PPNB deposits. (Scale= 1 mm) 
The Late PPNB cereal chaff assemblage.from el-Hemmeh is dominated by wheat 
rachis internodes (n=169) and glume wheat fragments (n=298), while barley chaff is 
found in significantly smaller quantities (n=73). The barley rachis internodes that possess 
an intact abscission scar present a unique pattern: 22 barley specimens display a wild 
scar, and 22 specimens display a domestic scar (Table 7.12). Additionally, 10.2% display 
a ripped scar indicative of threshing or processing activity (n=5). The wheat assemblage 
is also very interesting, with only 3 specimens possessing a wild type scar, and 56 
specimens displaying a domestic scar. Moreover, an additional42.3% display a ripped 
morphology in which the scar is missing and the ventral surface and internode base are 
heavily damaged (n=43). These results suggest very different trajectories for the two 
cereal staples: 1) barley is in a (partially) predomesticated state, with little evidence for 
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processing, and 2) emmer wheat is in a fully domesticated state, with extensive evidence 
for post-harvest processing. 
T bl 712 C a e . om12_anson o fd. f ragnos IC rae hi . t s m erno d :6 L t PPNB b 1 es or ae ar ey an d h t w ea. 
Abscission Scar Type: Wild % Domestic % Ripped % n % 
Hordeum spontaneumldistichum 22 44.9% 22 44.9% 5 10.2% 49 100% 
Triticum dicoccum 3 2.9% 56 54.9% 43 42.2% 102 100% 
Total: 25 16.6% 76 50.3% 48 31.8% 151 
Barley 
While predomestication has primarily been associated with the PPNA period, the 
Late PPNB evidence from el-Hemmeh suggests that predomesticated barley may have 
existed well into the later Pre-Pottery Neolithic period. Macro botanical reports from 
Beidha, Basta, and 'Ain Ghazal also present evidence for the possibility of 
predomesticated barley during the PPNB. At Beidha, Helbaek notes hundreds of grain 
impressions of two-row hulled barley with disarticulated internodes, suggesting a 
"cultivated wild barley" (1966: 62). He notes that the grains are much larger than those 
typically found on a wild-growing plant, which suggests that barley from this Middle 
PPNB site was of a predomesticated type. At the Late PPNB site of Basta, Neef also 
notes the presence of large barley grains with rachis internodes of a "brittle-rachis type, 
shovving an intact articulation scar" (2004a: 204), suggesting a predomesticated type. The 
picture is similar at 'Ain Ghazal, where barley grains are frequently found within the size 
range of domesticated two-row barley (Rollefson et al. 1985: 97). Again, no connected 
internodes were recovered, suggesting the presence of a wild or near-wild rachis type. 
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The barley remains from el-Hemmeh corresponds with an emerging regional 
picture of Late PPNB barley predomestication. The argument for predomestication is, 
however, complicated by two mitigating factors: the level of interbreeding with local 
wild populations, and field re-use in which predomesticated plants are established. 
Domesticated two-row barley, Hordeum distichum, is a self-pollinating crop that is fully 
capable of interbreeding with wild Hordeum spontaneum. Zohary and Hopf (2000: 65) 
note that the genetic affinities between the wild and cultivated barleys are evidenced by 
an occurrence of spontaneous hybridization when wild and domesticated forms grow side 
by side. Thus it is possible that a fully domesticated barley crop might interbreed with 
local wild barley populations and, depending on the method and timing of the harvest, 
result in the collection ofboth domestic and wild forms (Hillman and Davies 1999: 101). 
In addition, modern cultivation experiments by Hillman and Davies (1999) have 
shown that cereal harvests containing a high yield of predomesticated grains occur when 
the same fields are reused year after year. This is due in part to the fact that 
predomesticated plants which possess a wild rachis morphology are capable of 
reproducing on their own without the aid of human intervention. Regardless of whether a 
field is sown with domesticated seeds from the previous year's harvest, predomesticated 
I 
barley is able to reproduce naturally in the field~ and is likely to appear alongside 
I 
nonshattering rachis internodes in the archaeobotanical assemblage. 
Emmer Wheat 
442 
The ambiguous cultivation status of barley at el-Hemmeh is dissimilar from the 
Late PPNB emmer wheat assemblage, which is clearly composed of a domesticated form 
of Triticum dicoccum. The botanical assemblages from Jericho and Beidha suggest that 
domesticated emmer wheat was present at sites in the southern Levant by the Middle 
PPNB period. At Beidha, Helbaek notes that morphological features of emmer 
impressions indicate a cultivated wheat type (1966: 62). The macrobotanical remains 
from the Late PPNB site of Basta, with grain measurements that fall squarely into the 
domesticated range, confirm a domesticated status (Neef2004a: 205). At 'Ain Ghazal, 
emmer grains are also noted as similar to domesticated T. dicoccum (Rollefson et al. 
1985: 99). Other Late PPNB macrobotanical reports are not as clear. If we presume that 
mention of"emmer wheat" in Late PPNB macrobotanical reports is indicative of a fully 
domesticated emmer form, the Late PPNB sites ofEs-Sifiya, Ghwair I, Ba'ja, and 'Ayn 
Jammam also possess evidence of this crop (Simmons and Najjar 2003, 2006; Mahasneh 
1997; Gebel and Bienert 1997; Waheeb and Fino 1997). At el-Hemmeh, 94.9% of the 
emmer rachis internodes (n=56) with a visible abscission scar possess a rough scar 
morphology, indicating a fully domesticated wheat population. 
Currently the geographical origins of emmer wheat domestication are contentious 
due to the wide range of morphological and genetic variation in wheat populations across 
the Levant. Modem wild populations of emmer wheat exist in southeastern Turkey, 
eastern Iraq and western Iran, and along the Sea of Galilee and in the northern Jordan 
Valley (Zohary 1973), approximately 100-150 km northwest of el-Hemmeh. Modem 
stands of wild emmer are typically associated with oak species (Quercus ithaburensis and 
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Q. calliprinos) in park forest and maquis habitats receiving upwards of 400 mm 
precipitation per year (Ozkan et al. 2011). While it is possible that two separate events of 
emmer domestication occurred during the early Neolithic - one in the Jordan Valley and 
one in southeastern Turkey, recent genetic studies by Ozkan (et al. 2005, 2011) indicate 
that modem domesticated emmer is most closesly related to wild e:rru:iler populations 
from the Karacadag mountains in southeastern Turkey. 
A similar region of domestication is likely for einkom wheat, Triticum 
mono caecum L., where genetic evidence has indicated that modem cultivated forms of 
einkom are most similar to wild einkom growing in the Karacadag mountain range 
(Zohary and Hopf2000). Unlike wild emmer, however, wild einkom is typically limited 
to the northern Levant (e.g., the Euphrates basin and Anatolian plateau) as it cannot 
withstand the hot, arid conditions present in the south. Modem einkom is therefore 
restricted to secondary habitats in the southern Levant, growing only in cultivated fields 
(Zohary and Hopf2000: 36). 
Both emmer and einkom wheat are present in archaeobotanical assemblages by 
the Late PPNB period (Wadi Fidan A and Dhuweila: Colledge 2001; Ghwair I: Simmons 
and Najjar 2003; Basta: Neef2004a). Prior to the Late PPNB, however, the picture from 
the southern Levant is considerably less clear. The PPNB levels from Jericho appear to 
contain some of the only evidence for both domesticated emmer and einkom wheat in the 
south (Hopf 1983). To the north, at the sites ofNevah Cori, <;ayonu, and Cafer Hoylik in 
Turkey, the first evidence of domesticated emmer and einkom is found from levels 
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roughly contemporaneous with PPNB Jericho, 1ated to ~10,300 caL B.P. (Asouti and 
Fuller 2012). 
I 
The potential domestication of emmer v{heat in the north raises significant 
j 
questions about the timing and mechanisms behind the movement of fully domesticated 
wheats into the southern Levant. Evidence of a Middle PPNB "crop package" of 
domesticated cereals and legumes is limited, with only the site of Jericho providing 
archaeobotanical evidence of fully domesticated cereals in the southern Levant. It is 
therefore likely that residents at many sites continued their local traditions of cereal 
cultivation and wild plant collection throughout the Middle PPNB (Asouti and Fuller 
2012). Evidence for the emergence of a "crop package" is, however, far more widespread 
during the Late PPNB and suggests the continued cultivation oflocal plants (e.g., barley, 
lentils) alongside introduced domesticates (e.g., einkorn, chickpeas, broad beans) (Asouti 
and Fuller 2012: 158). While emmer wheat may have been locally cultivated in the 
northern Jordan Valley, fully domesticated forms could have arrived from the northern 
Levant along with einkorn and domesticated animals (Harris 2002). 
Interestingly, sites in southeastern Turkey possessing early evidence of 
domesticated emmer (e.g., Nevah Cori) also possess some of the first evidence of 
I 
domesticated sheep (Peters et al. 1999). Evidence for the introduction of these 
domesticated plant and animal species in the southern Levant is present at el-Hemmeh, 
where the appearance of fully domesticated emmer wheat in the Late PPNB occurs 
alongside the appearance of early domesticated sheep (domesticated animals at el-
Hemmeh are discussed in the following section). Additional evidence for northern 
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species at el-Hemmeh includes the identification of a single einkorn grain and 
domesticated einkorn rachis in the Late PPNB plant assemblage (Table 6.3). Although 
einkorn is not native to the southern Levant, it is present in larger numbers at the 
contemporary Late PPNB sites of Basta, Ghwair I, Wadi Fidan A, and Dhuweila. 
Together, the presence of domesticated emmer and einkorn suggest that, in addition to 
the continued cultivation oflocal barley, subsistence strategies during the Late PPNB 
period at el-Hemmeh included domesticates originating from the northern Levant. 
Cereal Harvesting 
The model put forth for annual cereal cultivation at el-Hemmeh during the PPNA 
is one of sickle-harvesting prior to the full maturation of barley spikelets. It is also 
posited here that many of the species growing alongside barley in cultivated areas were 
useful plants that may have been encouraged and collected for consumption. In the Late 
PPNB, determining the technologies utilized to harvest cereals is difficult given the 
complex domestication status ofbarley and wheat. Emmer wheat, which evidence 
indicates is fully domesticated at Late PPNB el-Hemmeh, was most likely harvested 
using a sickle or knife, or through uprooting. These harvesting methods would have 
maximized grain yield by allowing the collection of whole spikes (whether fully ripe or 
not) as well as chaff and stems (Hillman and Davies 1999). Other potential means of 
harvesting (e.g., basket beating, ground collection) are unfeasible given that the vast 
majority of domestic spikelets would have failed to disarticulate and thus could not have 
been collected loosely. 
446 
The partially predomestic, partially domestic state ofbarley in the Late PPNB is 
particularly challenging. At least two collection scenarios are possible: 1) the harvesting 
of immature barley spikes with a sickle or through uprooting, thereby allowing the 
collection of both wild and domestic types; or 2) an initial sickle-harvest of green 
articulated ears, and a second harvest (e.g., ground collection) of ripe, disarticulated 
spikelets. Either scenario could result in a mixed archaeobotanical assemblage of rachis 
types with both wild and domestic abscission scars. Of course, post-harvest processing 
activities play an important role in assemblage composition. Although discussed in more 
detail below, it should be noted that immature wild cereals disarticulate spontaneously 
when they are allowed to dry out, leaving typical wild-type scars (Hillman and Davies 
1999: 102). Therefore, wild barley harvested in a green immature state, which was then 
allowed to fully dry out, would naturally "thresh" (i.e., disarticulate) and display a typical 
wild scar. Domestic barley, however, requires additional processing steps for 
disarticulation (i.e., threshing activities carried out by the farmer), hence the rough scar 
indicative of a forced abscission. 
The Late PPNB cultivation plots at el-Hernmeh appear to have contained many of 
the same wild plant species as those from the PPNA. These species include Erodium and 
Malva, two edible wild plants that were likely consumed during both periods ofNeolithic 
occupation at the site. While some of these wild plants may have been intentionally 
collected as young green leaves before the cereal harvest, others may have been 
unintentionally harvested later in the spring along with cereals, resulting in the 
incorporation of mature seeds from these wild species. Other facultative plants, such as 
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Lithospermum tenuiflorum, Phalaris, and Lolium, were also likely found in cultivated 
fields, although they may have inhabited local primary steppe and steppe-desert habitats 
as well (Table 7.3). Interestingly, a few hydrophytic plant species were recovered in the 
Late PPNB assemblage. These include Scirpus and Galium, two plants that enjoy marshy, 
wet places (van Zeist and Bakker-Heeres 1982). Other recovered segetals are known to 
be intolerant of drought conditions. These include Lolium, Heliotropium, and 
Ornithogalum, three taxa that are frequently found in modem irrigated wheat fields 
(Zohary 1973). The appearance of these taxa in the Late PPNB, and their relative 
abundance (particularly Heliotropium and Ornithogalum), provide initial evidence for the 
use of water management strategies in Late PPNB emmer wheat fields at el-Hemmeh. 
The large presence of domesticated emmer wheat in the Late PPNB deposits at el-
Hemmeh also suggests the presence of water management practices. Emmer wheat is far 
less drought-tolerant than barley, requiring upwards of 400 mm annual rainfall in both its 
wild and domestic forms (Ozkan et al. 2010; Willcox 2005). At the site ofBasta, Neef 
argues that very low numbers of cereals, particularly emmer wheat, are evidence of a 
limited reliance on rain-fed agriculture during the PPNB (2004a: 215). Given the 
similarities in vegetation zones and precipitation levels with el-Hemmeh during this 
period, Neefs statements about Basta are especially relevant. Only in areas with 
precipitation levels higher than 400 mm would the risk of dry-farming be small, 
suggesting that annual cultivation in the Irano-Turanian steppe-desert "could never be 
reliably based on rain-fed crops alone" (Neef2004b: 298). 
448 
How then did large amounts of emmer wheat and its assemblage of drought-
intolerant weeds survive at el-Hemmeh? The possible management of water resources 
(e.g., springs, wadi runoff) could have provided suitable conditions for emmer growth. A 
similar situation has been posited for the PPNB site of Jericho, where water may have 
been diverted from a local spring into cultivated fields (Neef2004a: 215). Farming 
terrace systems have also been recognized in the Pottery Neolithic archaeological record, 
where springtime runoff was channeled into fields using networks of stone walls (Kuijt et 
al. 2007). Such systems served to reduce local soil erosion and increase levels of 
groundwater available to growing plants. 
At the Late PPNB site of Tell Halula in northern Syria, the possibility of wheat 
irrigation has been discussed by Araus et al. (1998). Tell Halula is currently located in an 
area of degraded steppe vegetation with rainfall of ~250 mm per year, in conditions very 
similar to those of el-Hemmeh. Stable carbon isotope values from charred grains of free-
threshing wheat recovered from Tell Halula are considerably higher than modem values 
oflocal rain-fed barley (Araus et al. 1998: 182). These results suggest wetter conditions 
of cereal growth during the Late PPNB and may reflect a form of water management in 
cultivated fields (i.e., field location on alluvial fans and near marshes, as well as possible 
irrigation measures). Recent experiments corroborate these findings and indicate that 
wheat crops in prehistory may have been routinely sown on better soils than barley and 
possibly received supplementary irrigation (Ferrio et al. 2005: 516). 
The alluvial fan and wadi floodplain near the site of el-Hemmeh could have 
served as an ideal location for cultivated fields. Such a location would have provided a 
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higher water table than the surrounding area and annual fertilization through silt 
deposited during flooding events. Cultivation on similar fans and terraces has occurred at 
a number ofPPNB archaeological sites in the southern Levant (Bar-Yosef and Kislev 
1989:635). Year-to-year variations in water availability and silt deposition, however, may 
have made small-scale irrigation a very real necessity at el-Hemmeh (sensu Bogaard 
2005). The intentional diversion or collection of water into cultivated cereal plots could 
have provided emmer wheat with its essential water requirements, and allowed the 
proliferation of a weed assemblage that would have typically not have been able to thrive 
in a semi -arid environment. 
Small-Seeded Legumes 
One category of plant taxa, the small-seeded legumes, display a huge increase 
during the Late PPNB period- from 1.4% of the PPNA assemblage to18.8% in the Late 
PPNB. A few of these species, such as Astragalus, Melilotus, and Trigonella, are present 
at el-Hemmeh during the earlier PPNA period (n=62), but their numbers increase greatly 
during the Late PPNB (n=1263). Other small-seeded legumes are new to the Late PPNB 
assemblage, including Onobrychis, Scorpurius, and Trifolium species. The large number 
of small-seeded legumes in the assemblage may suggest a successful spread into 
cultivated field habitats as facultative plants. However, it is likely that these taxa in 
particular may have been encouraged to grow alongside cultivated cereals. Many small-
seeded legume species and wild grasses are intentionally grown as forage plants and 
winter fodder for caprine populations in Jordan today (Zohary 1962: 217). 
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Small-seeded legumes have been recognized in the archaeological record as a 
primary component of sheep and goat dung (Charles 1998; Miller 2002). These plants 
grow in and along irrigated fields in the Near East, where they are often grazed by 
caprine herds. Following the barley and cereal harvest in May and June, herds are 
immediately allowed into the fields, where they consume crop stubble and weeds (Palmer 
1998). Small-seeded legumes may also be intentionally grown as "green forage" and fed 
to livestock with crop-processing residues as fodder during the lean winter months 
(Anderson and Ertug-Y aras 1998). 
Domesticated Animals 
At el-Hemmeh, the presence ofboth domestic sheep and goats has been 
confrrmed for the Late PPNB (Makarewicz, in press). Remains of these animals are also 
present at several contemporary sites, including Basta, Ba'ja, and 'Ain Ghazal (Becker 
1991; von den Driesch and Wodtke 1997). Preliminary analysis indicates that goats are 
more abundant than sheep at el-Hemmeh and have a relatively high survivorship rate, 
suggesting that goats were used for small-scale household subsistence needs, while sheep 
were used for high quality products including milk, meat, and wool (Makarewicz, in 
press: 7). The survivorship rates at el-Hemmeh also indicate a focus on maintaining herd 
security, as goats often maintain a varied diet and are more tolerant of marginal 
environmental conditions. 
Makarewicz and Tuross (in press) have analyzed carbon and nitrogen isotopic 
variations in bone collagen and determined that some goats at the site of Basta were 
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seasonally foddered. The oxygen isotope values also suggest that goat populations were 
moved to different pastures during the year and drank from multiple water sources 
(Makarewicz and Tuross, in press: 1 0). These management strategies would have 
improved the health and survival rates of domestic herds, increasing their reliability as an 
important food source. 
The recent analysis of remains from el-Hemmeh, however, suggests a slightly 
different pattern. Preliminary analysis of oxygen isotope values reveal that sheep and 
goats at el-Hemmeh drank from a single groundwater or openwater source, most likely 
located within the Wadi el-Hasa (Makarewicz, personal communication). Local herds 
would also have required an available year-round food source, particularly during the 
winter and early spring. Makarewicz suggests the residents at el-Hemmeh employed a 
specialized kill-off strategy and butchered juvenile males, weakened during the lean 
winter months, to channel resources toward pre~nant females (in press: 5). Although this 
strategy would have relieved some stress on the herd, pregnant animals still would have 
required sustenance in the form of winter fodder. Perhaps the animals at el-Hemmeh were 
provided with fodder collected during the late spring and early summer months. This 
appears to be the case at Basta, where carbon isotope values indicate that some goats 
consumed a diet with a high proportion of C4 flora in the diet throughout the year 
(Makarewicz and Tuross, in press). Fodder at el-Hemmeh certainly could have included 
C4 plants such members of the Chenopodiaceae family, as well as C3 cereals and legume 
species. Small-seeded legumes, found in large quantities at el-Hemmeh, could have been 
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grazed as a part of the natural steppe vegetation and in cultivated fields following the 
cereal harvest. 
The consideration of caprine fodder preserved at el-Hemmeh raises significant 
questions about the formation processes of the Late PPNB charred assemblage. Seeds 
consumed by goats and sheep may survive the digestive process whole, particularly 
smaller seeds (<2 mm) with tough seed coats (Anderson and Ertug-Yaras 1998). If dung 
pellets were then exposed to fire, such as through the use of dung fuel, their seed contents 
could carbonize and become part of the macrobotanical record (Miller i984, 1986; Miller 
and Smart 1984; Charles 1998; Jones 1998). In some cases, charred seeds remain 
preserved within their dung matrix (Rieh12006). At el-Hemmeh, at least 12 fragments of 
burned dung-type material have been recovered, some which contain identifiable seeds 
such as fig pips and others with grassy fibers (Figure 7.4). The internal structure of the 
dung fragments clearly resemble caprine dung pellets photographed in cross-section from 
the Early Bronze Age site ofTell el-'Abd in Syria (Rieh12006: 117), as well as modern 
comparative pellets collected from Jordan and Syria. 
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Figure 7.4 A small fragment of charred dung with visible Ficus carica pips from locus 
378 in Space 16. (Scale= 1 mm) 
Dung fuel use has been argued at the PPNB sites of Abu Hureyra and El Kowm in 
Syria, where large numbers of small clover-type legumes are believed to reflect the 
gathering ofherbivore dung (Miller 1998). Charred dung has also been recognized at the 
Late PPNB site of' Ain Ghazal in Jordan, where hearth contexts point toward the use of 
dung as fuel (Neef 1990: 298). The lack of dung fragments from hearths at el-Hemmeh is 
not wholly surprising, given the dearth of primary hearth deposits and poor preservation 
within these contexts. Instead, the largest numbers of small legumes and wild/weedy 
plants are found in the Class C middens and structure fills at el-Hemmeh. Similar 
percentages of small legumes have been recovered from the 2A and 2B levels at Abu 
Hureyra (56-58%) (Miller 2002; de Moulins 1997). High percentages of small legumes 
and high percentages of processed grains are also found together at el-Hemmeh, 
suggesting they may have had similar depositional processes -likely as hearth sweepings 
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later re-deposited into midden areas. However, the ambiguous nature of these contexts 
makes interpretation difficult, and one cannot rule out the possibility that leguminous 
field weeds might have been thrown into cooking fires as a 'casual fuel' or frequent 
alternative to wood fuel. 
Arguments for dung fuel in the archaeological record often center on the 
decreased availability oflocal wood resources. Following the Neolithic period in the 
northern Levant, for example, archaeobotanical assemblages from sites located in the 
steppe reflect the importance of pastoral production: animals are sent out to graze and 
dung fuel is burned (Miller 2002: 91 ). Assemblages from sites located closer to the forest 
reflect a reliance on agricultural production: animals eat more cultivated plants and dung 
fuel is less essential (Miller 2002: 91). At the Late PPNB site of 'Ain Ghazal, 
archaeologists have argued that residents systematically deforested an area of3.0 km 
surrounding the site due to increased fuel needs (Rollefson and Kohler-Rollefson 1992). 
The site of 'Ain Ghazal received approximately 50-100 mm additional rainfall than el-
Hemmeh during the Late PPNB, with an average rainfall between 300-350 mm, and a 
woodland vegetation dominated by deciduous Tabor oak (Quercus ithaburensis) (Neef 
2004b ). The reduction in oak availability at 'Ain Ghazal was likely caused by at least two 
factors: 1) the increased use of wood fuel; and 2) inhibited reforestation due to browsing 
goatherds. 
The extent of woodland resources near el-Hemmeh- as well as their potential 
degradation during the Late PPNB -is currently unknown, as analysis of the wood 
charcoal is currently on-going (Asouti, personal communication). 'Ain Ghazal does offer 
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a unique perspective for considerations of fuel use beyond the cooking sphere, 
particularly the issue of lime plaster production at the site. El-Hemmeh contains a wealth 
of thick of plaster floors and plaster-coated walls, and many spaces were repeatedly 
renovated with (perhaps annual?) coats oflime plaster. The very high temperatures (800-
900 degrees C) required for plaster production are likely beyond the temperatures 
frequently obtained from dung fuel (see Sillar 2000: 47). If wood resources at el-
Hemmeh were channeled primarily toward local plaster production during the PPNB, as 
they were at 'Ain Ghazal (Rollefson and Kohler-Rollefson 1992), a secondary source of 
fuel may well have been used in domestic contexts. Herbivore dung provides a steady 
temperature without a vigorous flame, and it has often served as the primary fuel source 
for activities such as bread baking and daily cooking in the Near East (Miller 1984; 
Anderson and Ertug-Yaras 1998). 
Currently there is little evidence to suggest deforestation at el-Hemmeh during the 
Late PPNB. However, the location of the site in a semi-arid steppe environment and the 
near absence of Mediterranean woodland plants in the macro botanical record suggest that 
woodland resources may not have been as plentiful as at 'Ain Ghazal to the north. The 
use of dung fuel, perhaps in daily cooking activities, may have minimized the need for 
large quantities of wood and could have helped preserve some of the stands of Pistacia 
and other trees located near el-Hemmeh during the early Holocene. 
7.4.3 Food Processing and Cooking 
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Charred macro botanical remains often provide evidence of routine tasks 
associated with the processing and preparation of plant foodstuffs. Activities associated 
with processing may take many forms, depending on the type of plant material involved 
and the product desired: drying, grinding/pounding, malting and fermenting, leaching, 
roasting, boiling, and baking activities tasks may all be undertaken 0falamoti 2011: 21). 
Paleoethnobotanists have recognized that evidence of processing may be present in both 
the composition of the macrobotanical assemblage (e.g., a cleaned grain deposit) as well 
as the morphology of individual specimens (e.g., pounded grain fragments). 
Ethnoarchaeological studies by Hillman (1981, 1984) in Turkey, D'Andrea (1999, 
2002) in Ethiopia, Valamoti (2011) in Greece, and Palmer (2002) in Jordan offer 
considerable information about various aspects of processing and cooking, particularly 
regarding the post-harvest processing of cereals. Supplementary studies, including 
artifact analysis and micro-residue identification, have also provided important 
information about the potential techniques and materials employed in prehistoric plant 
processing activities (Wright 2000; Ebeling and Rowan 2004; Crowther 2005, 2006). 
It is likely that many plant foods found at el-Hemmeh, including both cultivated 
and wild foodstuffs, underwent some form of processing before storage and consumption. 
Based on the types of charred plant remains recovered from the site, processing activities 
could have hypothetically included tasks such as the grinding of cereal grains, drying of 
fig fruits, roasting of Pistacia nutlets, and boiling of legumes. These processing measures · 
would have removed undesirable elements of the plant (e.g., husks, toxins) while helping 
to preserve food products for potential storage and consumption. In addition, processing 
457 
methods could have added culinary diversity to daily meals and improved the nutritive 
qualities of certain foods (Stahl1989). 
In the case of cereals such as barley and wheat, evidence of processing activities 
at el-Hemmeh is abundant. Multiple stages of processing (e.g., threshing, winnowing, 
dehusking, sieving, etc.) were likely carried out following the cereal harvest. These 
activities have been identified through the analysis of charred grain and rachis fragments 
recovered from the site (Table 7.13) and are discussed below. 
PPNA Cereal Processing 
Evidence from the PPNA botanical assemblage at el-Hemmeh suggests that pre-
domesticated barley was harvested in a partially immature state and threshed by hand. 
Additional threshing may have been unnecessary given that many wild-type barley 
spikelets disarticulate on their own once dried out (Anderson 1998; Hillman and Davies 
1999). Chaff-processing activities at el-Hemmeh are evidenced by multiple barley rachis 
impressions identified from the pise architectural collapse within Structure 1. These 
remains suggest that barley chaff was used as a temper/binding material for wall or roof 
construction once separated from the grain (Figure 3.3). 
Unlike wheat, barley grains tend to detach easily from the rachis although the 
lemma and palea remain fused (Tanno and Willcox 2012). Experiments by Gregoire 
(1999: 233-234) suggest that one useful method of dehusking barley is to soak the grains 
and then process them using a quem or mortar. The grains rub against each other, 
removing the husk and reducing it to small particles. The processed assemblage can then 
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be dried in the sunshine and eventually sieved to separate the clean grain from the lemma 
and palea remains. 
The PPNA cereal assemblage at el-Hemmeh, which is dominated almost entirely 
by barley grains (98.2%\ would certainly have required a suite of processing activities to 
obtain clean, edible grain. One step could have involved grinding/pounding the grain into 
a coarse flour or groats. All fragmented grain specimens from el-Hemmeh were 
examined for a characteristic "bulge" of endosperm indicative of breakage prior to 
charring (Valamoti 2002, 2011). In total, just 12 grain fragments (0.6% of the grain 
assemblage) displayed a bulging appearance (Figure 5.10). These limited remains 
suggest that a small percentage of the barley grains may have been coarsely ground or 
pounded. Additional experiments conducted by Lindberg and Whlte (20 11) could not 
identify the method of processing used (i.e., whether quem or mortar was employed) 
given the small sample size and an overlap in breakage morphology. 
The small number of processed grains at el-Hemmeh does not appear to agree 
with Wright's (2000: 98) assertion that diet during the PPNA relied on fmely ground 
foods. Unlike the PPNA sites included in Wright's (2000) study, groundstone artifacts 
used for processing cereal grain such as mortars and pestles are not abundant at el-
Hemmeh. At the nearby PPNA site ofDhra', cuphole mortars were permanently inlaid 
into the mud floors of many circular structures (Kuijt, personal communication). A 
similar situation occurs at the sites ofNetiv Hagdud and Gilgal, where each structure 
contains a hearth and nearby cuphole mortar (Wright 2000). These typical PPNA features 
were not uncovered during the partial excavation of three structures at el-Hemmeh during 
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Table 7.13 Potential cereal processing activities carried out at el-Hernmeh (based on 
evidence from the macrobotanical remains). 
Barley Emmer Wheat 
PPNA: Pre-domesticated/ Wild PPNA: Very limited presence (Wild) 
Late PPNB: Pre-domesticated/ Domesticated Late PPNB: Domesticated 
1. Task: Harvesting (immature) 1. Task: Harvesting (ripe or near-ripe) 
Objective: Acquire stems and whole spikes Objective: Acquire stems and whole spikes 
Evidence: Low-growing field species, culm Evidence: Backed bladelets with sickle gloss, 
no·des, chaff impressions segetals in assemblage 
Inte_mretation: Possiblysickle!knife Interpretation: Possibly sickle/knife 
2. Task: Threshing 2. Task: Threshing 
Objective: Remove stems, detach spikelets, Objective: Separate stems from spikes 
separate grains from rachis internodes Evidence: Limited at el-Hemmeh (but 
Evidence: Rachis fragments with ripped scars evidence from PPNB sites farther north: 
Inte_mretation: By hand (ripping), drying out Halula, Syria, and Cayonu, Turkey) 
Interpretation: Possible threshing sledge, 
bone tool, flail, etc. (activity outside) 
3. Task: Dehusking 3. Task: Dehusking 
Objective: Removal oflemma and palea; Objective: Separate spikelets, remove grains 
grains kept whole from glumes 
Evidence: Low grain fragmentation rate Evidence: Rachis fragments with ripped scars 
Inte_mretation: Use of a (wooden?) mortar Inte_mretation: Use of a (wooden?) mortar 
4. Task: Winnowing and Sieving 4. Task: Winnowing and Sieving 
Objective: Remove chaff fragments and small Objective: Remove chaff fragments and small 
seed contaminants seed contaminants 
Evidence: Cleaned grain assemblage from Evidence: Cleaned grain assemblage from 
Structure 1 hearth feature Space 23 hearth feature 
Inte_mretation: Chaff winnowed, small seeds Inte_mretation: Chaffwinnowed, small seeds 
separated from grain separated from grain 
4. Task: Grinding/Pounding 4. Task: Grinding/Pounding 
Objective: Break grains into large fragments, Objective: Break grains into large fragments, 
nutritional benefits nutritional benefits 
Evidence: Limited (ground grain is less than Evidence: Nearly 17% ofLate PPNB grains 
1% ofPPNA cerealassemblage) exhibit grinding/pounding evidence, large 
Inte_mretation: Pass. grains consumed whole, numbers of quems and handstones 
or processed outside of structures in PPNA Interpretation: Extensive grinding/pounding 
prior to cooking during Late PPNB 
5. Task: Cooking (Roasting, Boiling, Baking) 5. Task: Cooking (Roasting, Boiling, Baking) 
Objective: Meal prep., nutritional benefits Objective: Meal prep., nutritional benefits 
Evidence: Charred grain, Structure 1 hearth Evidence: Charred grain, Space 23 hearth 
Inte_mretation: Cereal-specific cooking feature sweepings 
(Structure 1) Inte_mretation: Cereal-specific cooking 
features/areas (Space 23) 
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2004-2007. Just two pestles and one potential grinding slab were recovered from the 
uppermost floor surface (locus 715a) of Structure 1 (Makarewicz et al. 2006: 203). While 
this situation could suggest that cereal processing activities were not emphasized at el- · 
Hemmeh, the large percentage of cereal grains present in the total PPNA assemblage 
suggest otherwise. 
Instead, it is possible that various stages of cereal processing might have occurred 
outdoors in extramural spaces. At Netiv Hagdud and Gesher, for example, many of the 
features found inside structures also occur in outdoor areas, including cuphole slabs, 
handstones and pestles, and hearths (Bar-Yosef and Gopher 1997; Garfmkel1993). The 
extramural areas at el-Hemmeh are currently under excavation and will be further 
explored in upcoming years. It is also possible that many of the artifacts used for food 
processing at el-Hemmeh were constructed of wood and failed to preserve 
archaeologically. Ethnographic evidence from Greece (Valamoti 2011; du Boulay 1994) 
and Ethiopia (D'Andrea 2003) suggests that mortars used for dehusking hulled grain are 
often made of wood (Figure 7.5). A high degree of grain fragmentation typically occurs 
with implements made of stone, which can result in small, crushed grain fragments that 
are difficult to separate from the chaff (Gregoire 1999) (Figure 7.6). 
A hearth feature from Structure 1 at el-Hemmeh (locus 717b) is one of the few in 
situ PPNA deposits excavated at the site, offering some evidence of cooking practices. 
The seed assemblage recovered from the feature is dominated by cereal grains (75%, 
n=292), a higher percentage than any other context within Structure 1. Additionally, the 
assemblage contains five grain fragments displaying evidence of grinding/pounding 
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(nearly 42% of the total number of processed grains recovered from the PPNA). One 
potential interpretation of this assemblage is that the hearth was primarily used for the 
cooking of cereals. A focus on cereal cooking is further evidenced by the low percentage 
of wild taxa (i.e., small legumes, wild grasses, and wild/weedy specimens) identified 
within the feature (11 %). This percentage is lower than any other rich PPNA context 
analyzed here, suggesting that cereals may have been thoroughly cleaned and sieved to 
remove any contaminants before cooking. 
While cooking techniques at el-Hemmeh remain a source of conjecture, the 
boiling of cereals could have occurred in a woven basket using heated stones (see Thoms 
2009), or parching or roasting of grains in a green or ripe state could have occurred over 
an open hearth fire (see Hubbard and al-Azm 1990). Any number of preparation 
techniques could have resulted in cereal grains being transformed into groats, gruel, 
porridge, cakes, etc. (Palmer and Van der Veen 2002), as well as being mixed with other 
ingredients and spices prior to and during heating (V alamoti 2011 ). 
Figure 7.5 A wooden mortar used for 
small-scale processing of hulled wheat 
(Asturias, Spain) (C. White, photo). 
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Figure 7.6 Fragmented barley grains experimentally processed using a stone mortar 
(dotted lines denote broken edges). Photos were taken prior to charring at the BU 
Paleoethnobotany Lab (Lindberg and White 2011). 
While it is difficult to identify the exact cereal processing tasks that might have 
been carried out at el-Hemmeh, a number of interpretations can be suggested from the 
available evidence. 
1) Pre-domesticated barley that was harvested while immature would have 
required a threshing step to separate the spikelets (creating the ripped rachis internodes), 
and may also have been subject to a drying step to facilitate disarticulation. 
2) The separation of the grain from the rachis internode may have occurred during 
a subsequent threshing/dehusking step. This task would not have entailed the same 
amount of work as dehusking hulled wheat (which is a much more intensive process due 
to the strong glumes of emmer and einkorn). 
3) The removal of barley grains' lemma and palea could have been facilitated by 
wetting or soaking the grain and subsequent pounding using a wooden mortar. While 
neither of these activities has preserved archaeologically at el-Hemmeh, the small 
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percentage ofbarley grain fragments with evidence of pre-charring breakage (e.g., bulgy 
endosperm) suggests that dehusking activities resulted in whole grain. A highly 
fragmented grain assemblage with significant evidence of pre-charring breakage would 
be more consistent with the use of a stone mortar or quem (as in the Late PPNB 
assemblage at el-Hemmeh). 
4) Based on the analysis of the PPNA hearth from Structure I, the feature was 
used primarily for cooking (i.e., baking, roasting, or boiling) cereal grains. The low 
percentage of wild taxa recovered from the hearth, such as wild grasses and small 
legumes, could indicate that the cereal assemblage was cleaned prior to cooking. 
Contaminants such as small seeds and chaff material may have been removed through 
winnowing or sieving to separate out inedible material. 
Late PPNB Cereal Processing 
Evidence for cereal processing is much more extensive during the Late PPNB 
period at el-Hemmeh. Firstly- and perhaps most importantly- the Late PPNB 
assemblage contains both barley and emmer wheat in varying stages of domestication. 
The barley assemblage appears to be a combination of both a wild form (Hordeum 
spontaneum) and a domesticated two-row form (Hordeum distichum), based on the rachis 
assemblage. All the barley grains measured, however, fall into the cultivated-size group, 
suggesting that even the wild form of barley was under cultivation (i.e., pre-
domestication cultivation). 
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If barley was harvested in an immature state, as in the PPNA, threshing or drying 
activities would have been necessary to disarticulate the spikelets. Just 10.2% of the 
barley rachis assemblage displays evidence of a ripped scar morphology (n=5), slightly 
less than in the PPNA assemblage, suggesting that drying wild spikes may have been 
favored over disarticulation by hand. Plants with a domestic-type rachis would have 
required a threshing step to separate the individual spikelets from the stem, such as 
beating, flailing, or trampling. Cereal threshing floors have been found as early as the 
seventh millennium BP in the 'Uvda Valley, Israel, where phytoliths and lithic microwear 
evidence indicate the use of threshing sledges (Avner et al. 2003). Recent examples from 
rural Turkey, Greece, and Jordan suggest that threshing sledges could have been created 
from wooden planks and stone bladelets inserted along the underside (Ataman 1999) 
(Figure 7.7). The sledge could then have been pulled or dragged by humans over the 
harvested cereal stalks, separating the stems from the spikes. Late PPNB deposits at the 
site of Halula, Syria, have provided archaeobotanical evidence of this technology during 
the Neolithic period. Flint blades from Halula display traces of use consistent with being 
affixed to a threshing sledge, and cereal phytoliths possess a curved profile indicative of 
threshing with a sledge (Anderson 1999: 144). 
Anderson (1998) has also identified a bone tool used for stripping barley spikes at 
the PPNB sites of Cayonu in Turkey and Neolithic sites in Iran. The tools were created 
by notching the interior portion of a goat/sheep scapula into a V -shape, and were slid 
along a clump of barley stems toward the spikes, which then snapped off (Anderson, 
personal communication) (Figure 7.7). Artifacts such as these bone tools suggest that 
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various (and perhaps highly localized) techniques may have been used to process cereals 
across Southwest Asia. Artifact analysis, microwear studies, and residue analysis 
continue to provide important information about prehistoric processing activities at 
Neolithic sites. 
Emmer wheat from el-Hemmeh may have undergone many of the same post-
harvest processing steps as barley. The wheat evidence from the site suggests that emmer 
was fully domesticated Triticum dicoccum. The number of domestic wheat rachis 
internodes (n=56) outnumber the wild type (n=3) by nearly 20 times. A threshing 
technique, such as the use of a sledge, would have been necessary to separate the stems 
from the spikes (provided that both were harvested together). Even if a high-cut harvest 
was performed, leaving the stems in the field and simply harvesting ripe spikes, a 
threshing/ dehusking step would have been necessary to disarticulate the spikelets and 
separate the grains from their glumes. 
Figure 7.7 (Left) A traditional threshing sledge with flint inserts from Sinop, Turkey (A. 
Casson, photo); (Right) Experimental bone tool used to thresh hulled cereals (C. White, 
photo). 
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When the total emmer rachis assemblage from the Late PPNB is taken into 
account, 42% of the specimens possess a ripped scar and ventral surface (n=43) (Figure 
6.19). The likely reasoning behind the ripped emmer rachis is different from the ripped 
barley (of the PPNA). Firstly, the ripped emmer fragments possess a morphology in 
which a deep rip abruptly ends at a ragged, truncated rachis base. Experiments by Tanno 
and Willcox (2012) indicate that this type of rip in hulled wheats, a "tear-off scar", can be 
created through dehusking wheat spikelets using a mortar and pestle. The objective of 
dehusking hulled wheat is to physically separate the grains from the rachis and glumes. 
Although this step is similar to the removal of the lemma and palea in barley, the barley 
rachis has already been separated from the grain. Ripped barley rachis fragments are 
therefore rarely created through dehusking (Tanno and Willcox 2012) and most likely 
occur during an earlier threshing stage involving the removal of the rachis. 
The prevalence of groundstone mortars, quems, pestles, and handstones at el-
Hemmeh attest to the use of stone grinding implements during the Late PPNB (Figure 
7.8). Along with processing cereals, these artifacts may have had many uses. Some 
handstones contain red pigment along their utilized surfaces, suggesting ochre 
processing. The majority of the groundstone artifacts were not found in situ but were 
instead reused as architectural materials or discarded in abandoned spaces. At other Late 
PPNB sites such as 'Ain Ghazal, Beidha, and es-Sifiya, large numbers of groundstone 
artifacts (numbering in the hundreds) have been recovered from similar secondary 
contexts (Rollefson 1997; Byrd 1994; Mahasneh 1997). 
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Given the ambiguous contexts of most groundstone from el-Hemmeh, it is 
difficult to deternline the original locations of routine grinding activities. Wright (2000) 
argues for a household-focused economy during the Late PPNB in whlch food production 
occurred at the household level. She suggests that food processing tasks such as cereal 
dehusking could have occurred independently within each house/structure/space (2000: 
114). Alternatively, ethnographlc models indicate that emmer wheat dehusking is a labor-
intensive task necessitating labor-sharing networks between households. In Ethlopia, for 
example, informants recount that the hand-sorting and grinding of emmer occupies an 
average of 5-6 hours per day (D'Andrea 2003: 56). The time-consuming nature of 
processing hulled cereals cannot be underestimated in prehlstory, even in situations of 
small-scale production at the household leveL 
At el-Hemmeh, the groundstone assemblage suggests that both stone mortar and 
quem types may have been used to process cereals during the Late PPNB (Makarewicz et 
al. 2006). These artifacts could have been used to dehusk emmer wheat and remove the 
grains from their tightly enclosed glumes, as well as a later step in whlch the grain was 
intentionally ground into a coarse meal or groats. The use of stone processing artifacts 
has been demonstrated ethnographlcally to fragment grains more heavily than wooden 
processing equipment (Gregoire 1999). Indeed, the Late PPNB assemblage from el-
Hemmeh reflects tills increase in grain fragmentation. 
Whlle processing evidence is present injust 0.7% of the PPNA grain, the Late 
PPNB assemblage contains nearly 17% processed grain fragments (n=255). The hlgh 
percentage of ground/pounded grains in the Late PPNB is a product of pre-charring 
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activities and is not related to post-depositional causes of fragmentation (i.e., a bulging 
endosperm only occurs when a grain is broken prior to carbonization). In fact, the grain 
assemblages from the two archaeological periods have relatively similar percentages of 
overall grain fragmentation (Table 7.14). These similar percentages suggest that while 
the two assemblages from el-Hemmeh may have undergone relatively comparable levels 
of post-depositional fragmentation, the activities occurring prior to grain carbonization 
may have been quite different. 
In addition to an overall higher percentage of grain processing in the Late PPNB, 
one assemblage possessed even higher rates of grain grinding/pounding. Within locus 
555 from Space 23, a cereal-rich deposit ofhearth sweepings, processed grains comprise 
over 29% ofthe grain assemblage (n=l33). Such extensive evidence of processing 
(nearly 1 in 3 grain fragments) from this context indicates that grains were 
ground/pounded to the consistency of groats prior to their cooking. Groats can be 
described as minimally processed cereal grain, coarsely broken but possessing a larger 
particle size than either grits or flour. 
Groats also have a higher nutritional value than unprocessed grain. The removal 
of the fibrous chaff during dehusking concentrates starch reserves and increases the 
absorption of nutrients (Valamoti 2011). Furthermore, grinding and pounding activities 
break the grains and reduce the particle size. A reduction in particle size increases the 
overall surface area exposed to digestive enzymes, increasing the rate of digestion (Stahl 
1989). Exposure to high heat, as occurs in cooking, further improves digestibility, 
splitting starch granules and making more nutrients available. The application of moist 
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Figure 7.8 Examples of Late PPNB groundstone artifact types. (Top left) Heavily 
utilized quem; (Top right) Fragmented and heavily utilized mortar; (Bottom) Various 
types ofhandstones and mortars/stone bowls recovered during the 2006-2007 excavation 
seasons. 
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heat through boiling or steaming can cause starch granules to swell, serving to increase 
their solubility during digestion (Stahl1989: 181). The application of dry heat, (e.g., 
roasting or parching) can reduce the loss of vitamins, particularly water-soluble vitamins 
that may be lost during cooking with moist heat. 
T bl 714 C t d t f a e . oun s an percen ages o processe d 1 cerea grams fr lH orne- h emme . 
Total Cereal NISP Grains %Processed NISP % Fragmented 
GrainNISP with Processing Grain Fragmented Grain (vs. 
Evidence Grain Whole) 
PPNA 1896 25 0.7% 1659 87.5% 
LatePPNB 1517 255 16.8% 1321 87.1% 
At el-Hemmeh, cereal fragments comprise 90% of the seed assemblage recovered 
from locus 555 (n=468), more than any other context (Figure 6.41). Chaff was not 
plentiful, representing just 5% of the assemblage. Of the chaff specimens with an intact 
abscission scar, 57% possess a ripped wheat rachis indicative of dehusking (n=4). Very 
low percentages of small legumes (4%) and wild/weedy taxa (1 %) suggest the 
assemblage was carefully cleaned of contaminants. Tasks such as winnowing and sieving 
likely removed most chaff and small seeds prior to exposure to high temperatures (i.e., 
cooking). 
In summary, evidence from groundstone artifacts and the macro botanical 
assemblage suggests that cereals were an important component of the Late PPNB diet at 
el-Hemmeh and required a number of processing steps before eventual consumption. 
1) Barley is represented by both pre-domesticated and domesticated forms, and 
' 
emmer wheat is represented by a fully domesticated form. Threshing activities could 
have involved a threshing sledge, bone stripping tool, or various other methods to 
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separate the cereal stems (if collected) from the spikes. For barley, the threshing step may 
also have separated the grain from the rachis; in emmer wheat, however, whole spikes 
would have been left intact with grains tightly held by their glumes. 
2) Dehusking activities likely differed for threshed barley (grains with lemma and 
palea attached) and emmer wheat (whole spikelets). Barley grains could have been 
dehusked using a pounding motion with a mortar to loosen the lemma and palea from 
each grain. Emmer wheat could have been dehusked using a mortar to separate the rachis 
internodes and to loosen the grain from its glumes. Pounding with a mortar is evidenced 
at el-Hemmeh by the prevalence of ripped wheat rachis fragments with a tear-off scar. 
3) It is suggested from the high rate of fragmentation that a stone quem or mortar 
was used to grind/pound grains into a coarse meal (i.e., groats). Grain fragmentation 
would have increased the surface area of the food particles, aiding in digestion and 
increasing the cereals' nutritional value. 
4) As evidenced by the concentration of cereal grains in Space 23, assemblages of 
dehusked, fragmented grains were additionally processed to remove contaminants such as 
chaff fragments and wild seeds at some point prior to cooking. 
Legume Detoxification 
Plant processing was clearly an important and varied undertaking during the Pre-
Pottery Neolithic occupations at el-Hemmeh, with many tasks involved before final 
consumption. While the discussion here notably emphasizes the activities associated with 
processing cereals (as this is where most of the processing evidence from el-Hemmeh is 
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found), other foods such as legumes and wild plants were no doubt also processed. Some 
activities could have occurred seasonally, soon after the plants were collected, while 
other activities may have occurred throughout the year as small amounts of foods were 
taken out of storage and prepared for consumption. 
Limited evidence is available for the processing of cultivated (or intensively 
collected) large legumes. One critical processing activity likely carried out was the 
leaching of potential toxins from species such as Vi cia ervilia. Vetch specimens have 
been recovered from both the PPNA and Late PPNB deposits at el-Hemmeh (and are the 
second-most abundant large legume after lentils). While it is possible that some of the 
large legumes recovered from the Late PPNB deposits are the remnants of animal fodder, 
the higher percentages recovered from the PPNA period suggest that vetch was also 
consumed by human populations at the site. 
Vicia ervilia, known as bitter vetch, contains the toxic compound cannavanine 
and must be processed prior to human consumption (Valamoti et al. 2011). The highest 
concentration of the toxin is found in the seed coat. Boiling the seeds to remove the seed 
coat (and discarding the water) reduces the presence of the toxin considerably (Stahl 
1989). Recent experiments conducted by Valamoti et al. (2011) suggest that evidence of 
boiling the legumes may.be visible archaeologically. Modem vetch seeds boiled for 45 
minutes and carbonized at 220 degrees C exhibit 1) an easily detached or missing seed 
coat, and 2) a concave interior surface on each cotyledon (Valamoti et al. 2011). 
Quantification of these characteristics within the el-Hemmeh assemblage is 
currently limited only to the presence/absence of seed coats. Whole specimens with an 
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intact seed coat were identified as Vicia or Vicia ervilia, while single cotyledons or 
fragments missing their seed coats were identified as "large legume indet" or "medium 
legume indet" depending on their size. While legumes are not known to preserve well 
archaeologically, tbis may in part be due to activities such as boiling which increase the 
likelihood that diagnostic features will be lost (e.g., seed coat, intact hilum). Valamoti et 
al. have suggested that highly fragmented assemblages of Vicia with many single 
cotyledons and an absence of seed coats could be interpreted as evidence of a processed, 
detoxified assemblage (20 11 : 11). The presence of a concavity on the interior surface of 
some Vicia cotyledons was definitely observed at el-Hemmeh, but this observation was 
unfortunately not quantified (Figure 7.9). A concave interior surface was also seen on 
many lentil specimens from the site, suggesting these legumes may also have been boiled 
before they were carbonized. It can be estimated that 20-30% of the single lentil 
cotyledons from the site exhibit a concave inner surface. One avenue of future research 
will focus on identifYing and quantifYing evidence oflegume processing in the PPNA 
and Late PPNB assemblages. 
A) B) 
Figure 7.9 Evidence 
of boiling on a cf. 
Vicia cotyledon from 
Late PPNB el-
Hemmeh: A) concave 
interior surface 
(denoted by arrow); 
B) missing seed coat 
on exterior. (Scale= 
1 mm) 
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7.4.4 Wild Plant Collection 
The macro botanical remains recovered from el-Hemmeh provide a wealth of 
information about the foraging and cultivation strategies employed by Neolithic residents 
of the site, as well as evidence of specific tasks related to food-processing and meal 
preparations. Even though the charred seed assemblages from the PPNA and Late PPNB 
deposits at el-Hemmeh suggest a significant reliance on cultivated and/or domesticated 
cereals, there can be little doubt that wild plants also played an important role. The PPNA 
data indicate that wild/weedy taxa, wild grasses, and wild fruits and nuts represent 29.8% 
of the assemblage (Table 7.15). Surprisingly, higher percentages of wild taxa are found 
in the Late PPNB than in the PPNA deposits. One might a priori assume that the Late 
PPNB emphasis on intensive cultivation and domesticated emmer would be reflected in 
lower percentages of wild plants. The prevalence of wild taxa is, in fact, due to the large 
amount of small legume seeds recovered from the Late PPNB samples, which most likely 
reflect an increase in the use of non-wood fuel types. If the small legume category is 
factored out, the Late PPNB data present an assemblage of75.5% cultivated taxa and 
24.5% wild species, just slightly less than that found in the PPNA deposits. 
As discussed in the earlier section on formation processes, wild plants are 
considerably less likely to be preserved in the carbonized record than their cultivated 
counterparts. For one, many wild plants are eaten fresh and uncooked, and thus are not 
routinely exposed to combustion events (Wright 1998). Furthermore, the edible parts of 
these plants -raw leaves, shoots, and juicy fruits - are less likely to survive the 
carbonization process than more hardy botanical elements such as grains. These plant 
475 
parts may be present as heavily fragmented ash but are not readily identifiable during 
macro botanical analysis. Third, the wild remains that do become charred are more likely 
to suffer additional fragmentation as a result of moisture, bioturbation, and other post-
depositional processes (including excavation and flotation) due to their fragile physical 
structure. 
Table 7.15 Primary plant taxa categories identified in the non-wood assemblage and their 
relative percentages (by weight) for the PPNA and Late PPNB. 
PPNA LatePPNB 
Seed Assemblage Seed Assemblage 
Cultivated: Weight(g) % Weight(g) % 
Cereal Grains 2.024 44.6% 1.508 41.6% 
Cereal Chaff 0.064 1.4% 0.294 8.1% 
Large Legumes 1.096 24.2% 0.420 11.6% 
70.2% 61.3% 
Wild: 
Small Legumes 0.063 1.4% 0.680 18.8% 
Wild Grasses 0.151 3.3% 0.098 2.7% 
Wild/Weedy 0.250 5.5% 0.208 5.7% 
Fruits and Nuts 0.886 19.5% 0.415 11.5% 
29.8% 38.7% 
Totals: 4.534 g 100% 3.623 g 100% 
Fourth, wild plants eaten in a young state may not have produced mature seeds at 
their time of consumption (early spring). It is therefore possible that some of the 
carbonized wild seeds interpreted as evidence of food plants were actually harvested 
unintentionally in the late spring along with cereals, due to their presence in cultivated 
fields. This unintentional collection does not negate the likelihood that the same wild 
species could have been collected as food plants earlier in the spring. It also does not 
negate the possibility that edible wild species may have been encouraged to grow in 
cultivated areas for easier collection. The presence of wild 'weedy' plants along with 
cereal grains suggests that the two plant types may have been growing ill the same 
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cultivated habitats (as many do today), although it is not clear when the wild plants first 
ventured into anthropogenically disturbed environments. 
Still, the wild plant assemblage from el-Remmeh presents important information 
about the types of wild plant foods available near the site. A recent study of wild plants in 
central Jordan, just south of the Wadi el-Rasa, reveals that the marginal Irano-Turanian 
steppe of the Rasa contains a wealth of wild resources exploited by modem inhabitants 
(Al-Qura'n 2010). Many of the most frequently consumed plant foods are also present (as 
seeds, pod fragments, nutshell, and spiral beaks) in the archaeobotanical assemblage from 
el-Remmeh: Centaurea, Erodium, Malva, Medicago, Onobrychis, Pistacia atlantica, and 
Trigonella. Moreover, the vast majority of these species are consumed in a raw state 
during the springtime, when their edible parts are limited to fleshy leaves, young shoots, 
and fresh fruits (Al-Qura'n 2010: 237-238). Such important and localized ethnographic 
information suggests that, although wild plant taxa represent roughly 30% of the charred 
seed assemblage at el-Remmeh, locally-gathered wild plants likely formed a very 
significant portion of the seasonal Neolithic diet. 
Of the many wild specimens identified during microscopic analysis, at least 31 
taxa are recognized as potentially edible plant foods (Table 7.16). The vast majority of 
these ripen in the spring (except for pistachio, whose nuts ripen in the late summer and 
early autumn). A great many others have known medicinal properties or other possible 
uses (e.g., dyes, spices, or animal fodder). The nutlets of one particular plant, Arnebia 
decumbens, were identified in relatively large numbers (n=33) amongst the PPNA wild 
taxa (but are absent from the Late PPNB assemblage). Modem Bedouin traditionally 
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create a red dye from the roots ofArnebia decumbens (Bailey and Danin 1981: 158), and 
this plant may have been intentionally collected and processed for a dye during the 
PPNA. Relatively large numbers of Plantago seeds were also found in the PPNA 
assemblage (n=20), although Plantago is nearly absent from the Late PPNB assemblage. 
Although these plantain seeds could not be identified to the species level, a similar 
Plantago type has been identified by Colledge (2001: 156, 232) at the early Neolithic site 
of Wadi Jilat 7 and by Meadows (Edwards et al. 2004: 40) at the late PPNA site of ZAD 
2. At least five plantain species are used for traditional medicinal treatments in modem 
Jordan (Oran and Al-Eisawi 1998). It is thus possible that the leaves and roots of this 
plant might have possessed a medicinal value during the Neolithic period as well. While 
the leaves and roots have not survived, the nutlets from this plant could have become 
incorporated into the archaeobotanical record as a consequence of plant-processing 
activities and their discard/removal as midden or hearth waste. 
The most abundant wild plant foods in both the PPNA and Late PPNB 
assemblages are the pips of Ficus carica and the nutshells of Pistacia atlantica. Fresh 
leaves of P. atlantica are frequently eaten raw in a salad by modem villagers (Al-Qura'n 
201 0); however, it is fragments of charred pistachio nutshells that have survived in the 
archaeological record from el-Hemmeh. Kislev (1997: 21 0) writes that these small nutlets 
may also have been roasted and then consumed whole. Large numbers of fig pips (over 
500 in the PPNA, and over 600 in the Late PPNB) are found in the el-Hemmeh 
assemblages, together with pieces of fig flesh and fruit skin. In recent years, a 
controversy surrounding the initial timing of fig domestication has called into question 
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whether some PPNA communities might have intentionally domesticated the fig~ 11,500 
years ago (Kislev et al. 2006a, 2006b ). Unlike the parthenocarpic figs identified from the 
PPNA site of Gilgal I in Israel, the pips from el-Hemmeh all contain embryos, and no 
evidence was found to suggest potential domestication. Fig trees no doubt grew wild 
along the bottom of the Wadi el-Has a throughout the early Holocene, just as they still did 
when excavations first began at el-Hemmeh in 2004. 
Returning to the relative percentages of the PPNA and Late PPNB assemblages, it 
is clear that higher percentages of the "fruits and nuts" category are found during the 
earliest phase of occupation. So too are higher percentages of Lens and Vicia species 
identified as "large/cultivated legumes", comprising 24.2% of the PPNA assemblage (by 
weight) despite the near absence of legumes from the deposits within Structure 2. A 
secondary emphasis on lentils and vetch, following the dominant cereals such as barley, 
is not uncommon for PPNA sites such as ZAD 2, Netiv Hagdud, and Gilgal I (Edwards et 
al. 2004; Kislev 1997; Kislev et al. 2010). A total of205 Lens and 226 Vicia seeds were 
recovered from the PPNA deposits at Netiv Hagdud (total N=17,522) (Kislev 1997: 231). 
Together with other unidentified legume species, legumes make up just under 10% of the 
charred non-wood assemblage at the site (by NISP). 
Classification of early Neolithic large-seeded legumes as wild, cultivated, or 
domesticated has been a topic of much discussion in the archaeo botanical literature 
(Kislev and Bar-Yosef 1988; Butler 1989, 1992, 1998; Melamed et al. 2008; Zohary and 
Hopf2000). One early domesticate, the pea (Pisum sativum L.), exhibits a visible change 
from a rough seed coat on the wild species to a smooth seed coat seen on the domesticate 
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(Butler 1989). Most of the changes involved in legume domestication are, however, not 
visible in the archaeological record. The first traits of domestication, including pod 
indehiscence and loss of seed dormancy, do not produce diagnostic macro botanical 
remains (Zohary and Hopf 2000). As a result, many of the first domesticated legumes of 
the early Neolithic period cannot be distinguished from wild specimens or from their 
close relatives (Butler 1998: 112). At el-Hemmeh, large amounts of well-preserved 
legumes were not encountered, and it is difficult to discern the intensity of legume 
gathering and/or cultivation efforts during the PPNA and Late PPNB periods. 
The potential that large legumes grew alongside cultivated cereals is, however, 
certainly possible given the prevalence of mixed cropping regimes in the Near East until 
the last century. In Iraq, for example, barley was grown intermixed with broadbeans 
(Viciafava), although the two were harvested independently (Butler 1999: 37). Spikes of 
barley were first harvested in a green-ripe state using a sickle, and then the bean pods 
were harvested by individual hand-picking. There is no reason to assume that cultivated 
and wild plant foods of the Neolithic were not encouraged to grow in the same areas or 
that they were considered conceptually and geographically distinct during Neolithic 
times. 
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Table 7.16 Potential uses of the wild plant taxa identified in the PPNA and Late PPNB 
assemblages from el-Hemmeh. 
Season of All Uses (Colledge Plant Part Medicinal Uses Plant No. of 
Exploitation 2001: 85-91) Used (Oran and al-Eisawi Part Spp. in 1998: 84-111) Used Jordan 
Cereals 
Hordeum Spring Food Seeds Diuretic, Grains 
spontaneum antidiarrhetic. 
Triticum Spring Food Seeds Calmative, nutritive, Grains dicoccoides diabetes, fractures. 
Legumes 
Lens c£ orientalis Spring Food Seeds 3 
Vicia ervilia Spring Food Seeds 
Viciasp. Spring Food Seeds 15 
Food, 
c£ Cicer Spring medicine/dye/condiment, Seeds 2 
wood fuel 
Medicago radiata Spriug Animal fodder Leaves 
Food, Seeds and Paultice for boils, Whole Medicago sp. All fleshy 22 
medicine/dye/condiment green parts apetizer. plant 
Astragalus sp. Spring Food, Seeds and Emollient, skin Whole 54 (food), all medicine/dye/condiment roots/tubers ailments. plant 
Food, Seeds and Purgative, cardiotonic, Leaves, Coronilla sp. Spring fleshy 3 
medicine/dye/condiment green parts diuretic. seeds 
Food, Seeds and Aromatic, sedative, Whole Melilotus sp. Spring 
medicine/dye/condiment fleshy uterus and bladder plant 4 green parts pains. 
Onobrychis sp. Spring Animal fodder Leaves 8 
Scorpiurus sp. Spring Animal fodder Leaves 1 
Flower 
Trifolium sp. Spring Food, buds, seeds, 38 
medicine/dye/condiment young 
shoots 
Spring Food, Seeds and Cough, asthma, Whole Trigonella sp. (food), all medicine/dye/condiment fleshy stimulent, gastritis, plant 22 green parts diabetes. 
Wild Grasses 
Aegilops sp. Spring Food Seeds 10 
Spring, Seeds, Vaginal infections, Leaves Avenasp. Food, animal fodder leaves, diabetes, stomach and 6 
summer 
stem/culm intestinal catarrh and seeds 
Spring, Seeds, Bromus sterilis Food, animal fodder leaves, 
summer 
stem/culm 
Bromussp. Spring Food Seeds 18 
Eremopyrum sp. Spring Food Seeds 3 
Hordeum glaucum Spring Food Seeds 
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Table 7.16 Potential uses of the wild plant taxa identified in the PPNA and Late PPNB 
assemblages from el-Hemmeh (continued). 
Season of All Uses (Colledge Plant Part Medicinal Uses Plant No. of 
Exploitation 2001: 85-91) Used (Oran and al-Eisawi Part Spp.in 1998: 84-111) Used Jordan 
Food, Seeds; Hemorrhage; Whole 
Lolium sp. Spring, medicine/dye/condiment, leaves, neuraligia, plant; 6 
summer 
animal fodder stem/culm rheumatism, arthritis, seeds 
nausea 
Phalaris sp. Summer Animal fodder Leaves, 5 
stem/culm 
Stipa sp. Spring Food Seeds 6 
Wild!W eedy Taxa 
Flower/bud, Whole Adonis sp. Spring Medicine/dye/condiment leaves, Diuretic, heart tonic plant 5 
stem/culm 
Aizoon sp. Spring Food Leaves 2 
Ajuga cf. chia Blood clotting and Braches, 3 
wound healing leaves 
Anthem is sp. Bactericide, antifungal Flower 19 buds 
Amebia All Medicine/dye/condiment Root/tuber 4 decumbens-type 
Artemisia sp. 
Stomach and intestinal Flowers 4 pains. 
Fleshy Astringent,stomach 
Centaurea sp. All Food green parts trouble, fever, eye Whole 20 
and plant 
roots/tubers problems. 
Food, Young Whole Chenopodiaceae Spring 
medicine/dye/condiment shoots, Anthelmintic plant 50+ leaves 
Food, Seeds, Diuretic, rheumatism, Cyperaceae All basketry/rope/matting leaves stomach pains, Rhizomes 50+ dyspepsia, diarrhea 
Fleshy Uterine bleeding, 
Erodium sp. All Food 
green parts 
.astringent, Branches, 15 
and leaves 
roots/tubers antidiarrhoeic. 
Fumariacf. Seeds and Eczema, Branches, 
densiflora Spring Medicine/dye/condiment fleshy hemorrhoides, liver leaves green parts problems, diuretic. 
Seeds and Eczema, Branches, 
Fumariasp. Spring Medicine/dye/condiment fleshy hemorrhoides, liver leaves 7 green parts problems. 
Fleshy Dropsy, bladder, 
Galium sp. All Medicine/dye/condiment green parts stomach, and skin 
Dried 21 
and plant 
roots/tubers infection. 
Glaucium c£ All Medicine/dye/condiment Leaves, 
comiculatum roots/tubers 
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Season of All Uses (Coil edge Plant Part Medicinal Uses Plant No. of 
Exploitation 2001: 85-91) Used (Oran and al-Eisawi Part Spp.in 1998: 84-111) Used Jordan 
Young Abscesses, boils, 
Heliotropium sp. Spring Medicine/dye/condiment shoots, sprains, swellings; Leaves 10 leaves, 
scorpion bites 
stem/culm 
Lithospermum Unkno>vn 3 tenuijlorum 
Malvac£ Fever, wouunds, skin Leaves; 
parvijlora ulcers; pyorhea roots 
Seeds and Fever, wounds, skin Leaves, Malvasp. Spring Food fleshy 6 
green parts ulcers, pyorhea. roots 
Spring, Young 
c£ Ornithogalum 
winter Food leaves, 8 
roots/tubers 
o£Peganum Anti-inflammatory, Whole 
harmala sudorific, sedatve, plant 
narcotic 
Tooth pain, stomach 
and inflammation, Leaves, 
Plantago sp. Spring Medicine/dye/condiment Seeds wounds, dysentery, roots, 21 
antibacterial, varicose leaves 
veins. 
Food, Seeds, Scirpus sp. All basketry/rope/matting stem, 5 
root/tuber 
Fruits and Nuts 
Summer/ Food, 
autumn Fruits and 
c£ Amygdalus (food), all medicine/dye/condiment, wood 3 
(fuel) wood fuel 
Summer Fruits and Eye treatment, Leaves, Ficus carica (food), all Food, wood fuel leprosy, emmolient, 
(fuel) wood laxative. fruits 
Pistacia c£ Antidiabetic, for Leaves, 
atlantica constipation, and seeds 
chest catarrh. 
Summer/ Food, 
autumn Pistacia sp. (food), all medicine/dye/condiment, Nuts, wood 4 
(fuel) wood fuel 
Table 7.16 Potential uses of the wild plant taxa identified in the PPNA and Late PPNB 
assemblages from el-Hemmeh (continued). 
One emerging illustration of this point is a re-consideration of wild species found 
in cultivated field environments at early Neolithic sites. Weedy facultative plants 
commonly invade cultivation plots by taking advantage of the reduced competition 
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offered by cleared areas and disturbed soils (Zohary 1973). Recent work has 
demonstrated that facultative plants became increasingly abundant throughout the Pre-
Pottery Neolithic as more plant species adapted to the disturbed conditions of cultivated 
fields (Willcox et al. 2008, 2011). Published data on potential weeds of cultivation are 
available for many Neolithic and Early Bronze Age sites in the Levant (Colledge 1994; 
Hillman et al. 2001; Willcox et al. 2008; van Zeist and Bakker-Heeres 1984, 1985). 
Based on this rich corpus of data, a number of facultative and segetal species have been 
identified at el-Hemmeh and are presented in Tables 7.6 and 7.7. These species are well-
adapted to steppic conditions and, consequently, are frequently encountered in cereal 
cultivation plots (van Zeist and Bakker-Heeres 1984, pp. 168-169). 
While facultative and segetal species may have competed with cereals, it is clear 
that many of the species found at el-Hemmeh are also edible or have useful medicinal 
properties. Instead of being viewed as a contaminant of grain assemblages, some of these 
species may have been significant sources of food in their own right. At the Late 
Epipaleolithic site of Abu Hureyra, for example, re-interpretation of the archaeobotanical 
assemblage has revealed that the presence of wild grasses represent the consumption of 
lower-ranked food sources (Colledge and Conolly 2010, p. 135). 
At el-Hemmeh, the question then becomes whether wild "weedy" taxa might have 
actually been encouraged to grow alongside barley and legumes. These edible wild plants 
could have been hand-harvested as they ripened, perhaps in denser numbers than might 
have been possible in truly wild, non-anthropogenic conditions. There is no reason to 
assume that humans created new and intentional habitats (e.g., fields or plots) only for 
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those plant species which later became fully domesticated. The division between wild 
and cultivated resources, particularly in reference to early Neolithic assemblages, may 
very well be a distinction constructed by the archaeobotanist. Such a distinction ignores 
the possibility that wild and cultivated plants might have been allowed to grow alongside 
each other, for example, in garden plots located near the site. Small garden plots -
unbounded areas of cleared, cultivated land (sensu Johnston 2005)- are a possible model 
for the first cereal fields, but only if we are willing to consider the possibility that wild 
plants were not only tolerated but also encouraged to grow in these areas. 
7.5 Summary 
The macro botanical dataset from el-Hemmeh provides a unique opportunity to 
examine a number of current themes in Neolithic archaeology. In this chapter, three 
topics have been discussed within a regional framework: evidence for cultivation, wild 
plant foods, and food-processing activities; formation processes affecting the creation, 
preservation, and destruction of the macrobotanical record; and early Holocene 
vegetation reconstruction of the Wadi el-Hasa and environs. 
The macro botanical material from el-Hemmeh contributes to a more 
comprehensive understanding of crop domestication processes in Southwest Asia. The 
assemblage provides evidence of barley predomestication cultivation during both the 
PPNA and Late PPNB periods, as well as the adoption of fully domesticated emmer 
wheat during the Late PPNB. The plant remains from el-Hemmeh also reflect the types of 
routine subsistence activities carried out by residents, including various cereal processing 
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activities. Evidence of cereal harvesting, threshing, dehusking, and grain grinding 
suggests an intensive suite of processing activities atel-Hemmeh, particularly during the 
LatePPNB. 
Analysis of the plant assemblage also indicates that significant post-depositional 
disturbance/destruction of the macrobotanical record has occurred. Deposits that were 
quickly buried or surrounded by protective features such as stone walls or plaster floors 
appear to have the best macro botanical preservation, regardless of context type (e.g., 
midden, structure fill). Many of the archaeological contexts examined have been 
identified as secondary or tertiary deposits and reflect a complex sequence of infilling 
and rebuilding events carried out during both the PPNA and Late PPNB periods. 
The macro botanical remains have also contributed toward a greater understanding 
of the local environment of the Wadi el-Hasa during the early Holocene. Seeds and other 
non-wood plant types identified in the assemblage suggest the local presence of steppe-
desert, steppe, and steppe-forest plant communities during the both periods of occupation 
at the site, as well as access to riverine/hydrophytic vegetation. The charred remains 
provide more evidence for cultivated environments and anthropogenically disturbed areas 
around the site. Cultivation plots are evidenced by an increase in facultative and segetal 
plant species that likely took advantage of improved growing conditions in cultivated 
fields. It is hypothesized that some of these edible wild species may also have been 
encouraged to grow in fields and then been collected alongside cultivated cereals or 
legumes. 
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The data from el-Hemmeh presented here contribute to a more comprehensive 
understanding ofN eo lithic crop domestication processes, as well as the types of routine 
subsistence activities carried out by residents, including collection, processing, and 
consumption. This chapter places the results from el-Hemmeh within a larger framework 
ofmacrobotanical inquiry and discusses the evidence from el-Hemmeh along with 
published research from other contemporary Pre-Pottery Neolithic sites. 
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Chapter 8. Concluding Thoughts 
8.1 Introduction 
As a result ofthe archaeobotanical investigations conducted at the PPNA (11,700-
10,500 cal. B.P.) and Late PPNB (9,250-8,700 cal. B.P.) archaeological site of el-
Hemmeh, Jordan, many questions concerning the timing and processes of plant 
domestication, as well as the activities associated with early cereal cultivation, have been 
addressed and answered. However, as is the case with most archaeological projects, many 
more questions remain. The results of this research provide a strong foundation from 
which to ask new, innovative questions concerning the origins of agriculture in 
Southwest Asia and to expand discussions ofNeolithic subsistence from the 
identification of plant evidence to the behavioral and social spheres of crop choice, 
routine cultivation tasks, and food processing activities (Fuller et al. 201 0). In this 
chapter, a broad summary of the macrobotanical results from el-Hemmeh is provided 
along with the larger contributions of this research to the disciplines of archaeobotany 
and Neolithic archaeology. The chapter ends with a consideration of future research at el-
Hemmeh, focusing on interdisciplinary analyses and integrations of botanical and faunal 
evidence to provide a greater understanding of emerging agricultural practices. 
8.2 The Origins of Agriculture and el-Hemmeh 
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The carbonized macro botanical remains from el-Hemmeh provide new evidence 
for both local processes of plant domestication in the southern Levant and larger scale 
movements of domesticated crops across the Levan tine region during the Pre-Pottery 
Neolithic period (ca. 11,700-8,250 cal. B.P.). 
The PPNA plant assemblage at el-Hemmeh is dominated by wild and 
predomesticated forms of barley, Hordeum spontaneum. While evidence of 
predomesticated barley (i.e., large grain, wild rachis) is present at other contemporary 
PPNA sites along the Dead Sea basin and Jordan Valley, the remains from el-Hemmeh 
provide the first evidence for the harvesting immature barley spikes (discussed in section 
7.4.1 PPNA Barley Predomestication). Such a harvesting strategy would have maximized 
the number of grains recovered from each plant, although it would have required an 
additional threshing step, resulting in a diagnostic ripped rachis internode. Similarly 
ripped specimens of barley have not been identified elsewhere in the Levant (Tanno and 
Willcox 2012), although future analysis of barley remains from other sites in the southern 
Levant may reveal corroborating evidence of similar harvesting strategies (i.e., sickle, 
plants cut low to the ground). 
With regard to traditional harvesting methods, sickles are well-attested in the 
preceding Natufian period (ca. 14,500-11,700 cal. B.P.), and use-wear studies ofNatufian 
sickle blades suggest cereal stems were cut while in a green, unripe state (Anderson 
1991; Unger-Hamilton 1991). Although macro botanical evidence has been lacking up to 
this point, the barley chaff from el-Hemmeh and corresponding weedy assemblage (i.e., 
low-growing species) suggest that green barley was harvested low on the stem. This 
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evidence agrees with lithic use-wear studies suggesting that cereals were cut low to the 
ground in order to collect straw along with the grain, a situation that could have occurred 
only with immature plants (Anderson 1999). (Fully ripened wild barley would have 
disarticulated naturally, dispersing spikelets and greatly increasing the time spent 
collecting individual spikelets.) Harvesting immature plants with a sickle would have 
provided the greatest grain yield per unit area (Hillman and Davies 1999: 91). This 
strategy would have been particularly useful if 'plots' of barley were intentionally 
cultivated on alluvial fans, as it would have maximized grain yield from areas where soil 
availability was limited. 
Ethnoarchaeological experiments demonstrate that wild cereal stands harvested in 
an unripe state by sickle do not require the activities of soil tillage or seed sowing 
(Anderson 1999). Instead, fields re-germinate from the grains that fell during the previous 
year's harvest. The germinating spike lets are of a wild type (given their natural 
disarticulation during the harvest) and have a substantial effect upon the selection rates of 
domestication. The presence of a wild 'grow-back' population, combined with the 
repeated use of the same cultivated plot, inhibits the unconscious selection of domestic-
type cereals (Hillman and Davies 1999; Anderson 1999). At el-Hemmeh, immature 
cultivated barley harvested with a sickle could have retained a wild rachis morphology 
for thousands of years, as long as other parameters of growth remained the same. This 
evidence from el-Hemmeh fits in well with the regional picture ofbarley 
predomestication during the PPNA, a phenomenon that appears to have lasted thousands 
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of years in the southern Levant without immediately leading to full domesticated plants 
(Fuller 2008b ). 
The presence of cultivated plots of predomesticated barley at el-Hemmeh does not 
imply a situation of intensive mono-cropping during the PPNA. It is very probable that 
these areas around the site were also inhabited by a number of wild plant species, perhaps 
as some of the first weedy species of cultivation (Willcox 2012). An examination of the 
possible weedy species at el-Hemmeh reveals that the most frequently recovered taxa are 
either edible or possess useful medicinal properties. It is possible that PPNA cultivators 
allowed these wild plant species to grow alongside barley and intentionally collected wild 
plants from the plots. It may have been significantly easier to gather these foods in one 
place than to make multiple collection trips away from the site. While many edible wild 
species at el-Hemmeh did not develop into domesticates (and many are now, in fact, 
categorized as arable weeds), there is no reason to assume that this distinction was made 
in the past. It is suggested here that cultivated plots at el-Hemmeh were likely home to 
both predomesticated barley and secondary plant foods such as wild grasses, wild 
legumes, and leafy greens (sensu Colledge and Conolly 2010). 
During the Late PPNB period, macro botanical remains from el-Hemmeh provide 
evidence ofthe continued cultivation ofpredomesticated barley, over one thousand years 
after the end of the PPNA. A careful examination of other archaeobotanical reports 
indicates that a number of contemporary Late PPNB sites in the southern Levant also 
containpredomesticated barley, including Basta (Neef2004a) and 'Ain Ghazal 
(Rollefson et al. 1985). It is thus likely that the traditions of barley cultivation in the 
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region did not initiate the selective pressures necessary for full domestication during the 
Pre-Pottery Neolithic. Such a realization is very significant at the regional level because 
many Late PPNB sites, sometimes referred to as 'mega-sites' in Jordan, were large 
communities of hundreds or thousands of individuals (Simmons 2007). Despite increases 
in population aggregation during the Late PPNB, a reliance on predomesticated barley 
continued, suggesting that traditional methods of barley cultivation continued as welL 
Juxtaposed with the Late PPNB evidence of predomesticated barley at el-
Hemmeh is extensive evidence of fully domesticated emmer wheat, Triticum dicoccum 
Schrank. Emmer rachis specimens are overwhelmingly of a domestic type (94%). Very 
little evidence of wild emmer wheat is present during the PPNA or Late PPNB periods at 
the site, suggesting that emmer was introduced from elsewhere as a fully domesticated 
crop during the Late PPNB. Recent genetic studies of modem emmer populations suggest 
that domestication may have occurred in southeastern Turkey (Ozkan et al. 2011) and 
spread southward by at least the Middle PPNB (Asouti and Fuller 2012). Although a 
more localized domestication of emmer (possibly in the northern Jordan Valley) cannot 
be ruled out, both of these areas are home to wild emmer populations and receive 
significantly more annual rainfall than was likely at el-Hemmeh during its occupation. 
Additionally, the introduction of fully domesticated emmer at the site coincides with the 
appearance of domesticated sheep in the Late PPNB faunal assemblage (Makarewicz, in 
press), a PPNB domesticate originating from the northern Levant. The introduction of 
these new plants and animals indicate that residents at el-Hemmeh were tied into regional 
north-south networks of communication and movement that extended beyond the 
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exchange of prestige materials (e.g., obsidian, shells) to include agricultural information, 
technologies, and domesticated plants. While it is probable that human populations also 
moved within these networks, the continued presence of predomesticated barley at el-
Hemmeh suggests that residents maintained strong local traditions of southern Levantine 
barley cultivation. The introduction of new, complementary subsistence strategies at the 
site was likely intertwined with larger changes in community structure and organization, 
particularly the organization of off-site activities (e.g., field maintenance, harvesting, 
animal herding) and on-site tasks such as the processing and cooking of cereals. 
New practices of field maintenance are suggested in the Late PPNB 
macro botanical assemblage. The presence of emmer wheat at el-Hemmeh, which requires 
substantially more annual rainfall than barley, could have necessitated the local 
management of water resources (i.e. small-scale irrigation) within cultivated fields, as 
rainfall was likely limited to 250-300 mm annually. Similar suggestions of wheat 
irrigation have been made at the PPNB site of Tell Halula, Syria (Araus et al. 1998), and 
archaeological evidence of water management strategies (e.g., check dams) are present in 
the southern Levant by the Pottery Neolithic period (Kuijt et al. 2007). The possibility of 
water management at el-Hemmeh is also suggested by the presence of a developed Late 
PPNB field weed assemblage that contains a number of new species (not present in the 
PPNA assemblage) that are considered to be modem weeds of irrigated wheat fields 
(Zohary 1973). 
Lastly, an important perspective missing from many recent discussions of Pre-
Pottery Neolithic cultivation is a detailed understanding of the suite of activities required 
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to process and prepare cereals for storage and consumption. As discussed in chapter 7 
(section 7.4.3 Food Processing and Cooking), the plant remains from el-Hemmeh provide 
important evidence of emmer wheat dehusking (i.e., removal of chaff) as well as the 
grinding of grain into groats (i.e., coarsely fragmented grain). Over 40% of the emmer 
rachis internodes display a "tear-off scar" indicative of dehusking using a mortar (see 
Tanno and Willcox 2012), and upwards of 17% of grain fragments possess a bulging-
endosperm morphology consistent with grinding/pounding activities (see Valamoti 2002, 
2011). When compared with the PPNA barley evidence from el-Hemmeh, it is clear that 
a substantial increase in cereal processing evidence exists for the Late PPNB, suggesting 
that residents spent a much greater amount of time threshing, dehusking, and grinding 
grain. The macro botanical evidence for emmer wheat dehusking and grain grinding from 
el-Hemmeh provides a much clearer picture of routine cereal processing tasks carried out 
during the Late PPNB and meshes well with dehusking evidence from the northern 
Levant, where large numbers of domesticated remains suggest that emmer wheat became 
increasingly prevalent during the Pre-Pottery Neolithic at sites such as Asikli and Seker 
Aheimar (Tanno and Willcox 2012: 14). 
8.3 Summary of Results and Contributions 
8.3.1 Macro botanical Preservation 
A review of the excavated deposits at el-Hemmeh has revealed very few 
preserved in situ features (e.g., hearths, storage contents). Most of the sampled 
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archaeological deposits are secondary/tertiary contexts composed of midden debris and 
structure fill. Unlike other Neolithic sites where catastrophic fire has sometimes resulted 
in the burning of in situ bins and rooms containing concentrated stores of grains and 
legumes (such as Jerf el-Abmar, ~atalhoyilk, and Netiv Hagdud), the mixed carbonized 
plant assemblages from el-Hemmeh are largely the result of routine cleaning and disposal 
of hearth waste. These plant remains reflect the types of botanical material routinely 
exposed to fire as tinder, fuel, food, and debris swept into hearth fires (;ensu van der 
Veen 2007; Fuller et al. 2012) before their eventual discard in secondary midden 
contexts. An examination of post-depositional processes in chapter 7 (section 7.2.4 Post-
Depositional Factors) reveals at least three major contributors to the destruction of the 
macrobotanical record at el-Hemmeh: bioturbation through ant and rodent activity, high 
soil alkalinity in contexts with large amounts of ash (unfortunately, contexts most likely 
to contain charred plant remains), and fluctuations in both moisture level and 
temperature. Samples collected from protected locations (e.g., next to stone walls, 
covered by plaster floors) exhibit some of the best macrobotanical preservation across the 
site, regardless of context type (see section 7.2.5 Macro botanical Preservation). 
8.3.2 Paleoenvironment 
Analysis of the plant remains from el-Hemmeh suggests thatthe generally 
accepted reconstructions of southern Levantine vegetation during the early Holocene 
(e.g., Cordova 2007) are not reflected in the site's macrobotanical record. Little evidence 
was found to indicate the availability of Mediterranean woodland resources (e.g., acorns, 
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wild emmer) or the presence of tropical Sudanian vegetation near the site. Furthermore, 
no evidence was identified to suggest the presence of extensive local wetlands associated 
with the draining of Lake Rasa to the east. Instead, the macrobotanical data suggest a 
semi -arid environment dominated by steppe-forest, steppe, and steppe-desert plant 
communities, with a small amount of evidence suggesting the presence of local riverine 
vegetation (most likely alongside springs and the wadi floodplain) (see Chapter 7, section 
7.3 Vegetation Reconstruction). While this reconstruction is based solely on the non-
wood plant data, and future wood charcoal analysis will no doubt contribute extensively 
to this reconstruction, it does not appear as though local vegetation differed significantly 
between the PPNA and Late PPNB occupations at el-Hemmeh. In fact, these findings 
correlate well with the plant remains recovered from the nearby PPNA site of Zahrat adh-
Dhra' 2 (Edwards et al. 2004) and from the Late PPNB site ofBasta (Neef2004a, 2004b) 
suggesting a semi-arid steppe environment with annual precipitation levels likely falling 
between 250-300 mm. 
Unsurprisingly, the plant communities from el-Hemmeh that exhibit the greatest 
amount of change between the PPNA and Late PPNB periods are those associated with 
cultivated field environments and other areas impacted by human activities. Although a 
large amount of literature has been devoted to recognizing "weeds of cultivated fields" at 
early Neolithic sites (Willcox 2012; Willcox et al. 1998; Colledge 1998; Colledge et al. 
2004), the timing and composition of the first weedy species remain poorly understood. 
At el-Hemmeh, many potential wild species of the PPNA are edible or possess medicinal 
value, and it is suggested that these plants could have been collected as secondary foods 
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alongside cultivated cereals. Weedy species identified in the Late PPNB samples are 
considerably different from those of the PPNA, and many new, inedible weed types 
appear to coincide with the emergence of fully domesticated crops and animals. 
8.3.3 PPNA Subsistence at el-Hemmeh 
The analysis ofmacrobotanical samples from PPNA levels at el-Hemmeh have 
revealed a rich plant assemblage composed of various taxa: cereals, legumes, fruits, nuts, 
and multiple wild plant types. As presented in chapter 5, Table 5.2, the PPNA assemblage 
is dominated by predomesticated barley grains (50%), followed by figs and pistachio 
remains (30%), and legumes such as lentil and vetch (7%). Calculations of seed 
fragmentation rates indicate, however, that these percentages are affected by the high 
fragmentation rates of some plant taxa, as well as the level to which highly fragmented 
seed remains can be identified by the archaeobotanist. These percentages presented do 
suggest, however, that cultivated cereals were an important part of the diet during the 
PPNA occupation at el-Hemmeh 
The density of plant remains across the PPNA deposits at the site is highly 
variable, especially within Structure 1 (see chapter 5, Table 5.10). Assemblages 
containing relatively high percentages of wild plant taxa correlate with preliminary 
microvertebrate results suggesting periods of abandonment and re-occupation of the 
structure (White and Belmaker 2008; Makarewicz 2010). The analysis of remains from 
Structure 2 indicates that a major infilling event took place (prior to a floor construction) 
using local midden deposits. One important distinction between the plant assemblages 
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from Structures 1 and 2 is the relatively high number oflentils and vetch found within 
Structure 1. These numbers suggest that processing of legumes took place preferentially 
in Structure 1, or that legumes may have become a less important component of the 
PPNA diet given the slightly later date of remains from Structure 2. 
8.3.4 Late PPNB Subsistence at el-Hemmeh 
Cereal grains, both predomesticated barley and fully domesticated emmer wheat, 
dominate the Late PPNB plant assemblage (32%) along with high numbers of fruits and 
nuts (22%). Two categories of seed remains show a huge increase from the PPNA: cereal 
chaff (11 %) and small-seeded legumes (26%). These increases are likely due to on-site 
cereal processing activities and the use of new types of hearth fuel, either through the 
intentional collection of legumes or the presence of legumes within the remains of 
sheep/goat dung fuel. Analysis has revealed that archaeological contexts with the highest 
percentages of processed cereals also contain the highest percentages of small-seeded 
legumes, suggesting a correlation stemming from their mutual presence in cooking fires 
as fuel and food. 
The analysis of varied Late PPNB contexts including hearths, floors, middens, 
structure fills, and subterranean channels provides extensive evidence of remodeling and 
renovations. At the contemporary Late PPNB site ofBa'ja, spaces were intentionally 
filled in to create new floor surfaces, creating what Gebel (2006: 66) has termed "rising-
floor structures". Similar architectural evidence has been recorded at el-Hemmeh, and 
vertical sampling of macro botanical remains analyzed here suggests that spaces were 
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often infilled with re-deposited midden material. While plant assemblages from plaster 
floor surfaces offer particularly good preservation at el-Hemmeh, similarities in their 
composition to overlying fill deposits (as in Space 20) indicate that these remains were 
most likely part of the infilling sequence and do not reflect in situ floor-related activities. 
Late PPNB hearth contexts were also poorly preserved, although one charcoal-rich 
midden deposit in Space 23 was particularly well preserved. This assemblage contained 
hundreds of charred cereal grains, many of which were fragmented from processing 
activities. 
8.3.5 Cereal Harvesting and Processing 
In chapter 7, sections 7.4.2 and 7.4.3, the activities required to harvest and process 
cultivated cereals at el-Hemmeh have been reconstructed based on morphological 
evidence from identified specimens as well as supplementary evidence from the artifact 
assemblage (Makarewicz et al. 2006; Makarewicz 2010), relevant ethnographic 
information (Hillman 1981, 1984; Valamoti 2011; D'Andrea 2003), and modem cereal 
processing experiments (Lindberg and White 2011; White and Makarewicz 2012). The 
results of this study suggest that predomesticated barley during the PPNA was harvested 
in a green or immature state, most likely with a sickle, before being dried and threshed by 
hand. Little evidence exists for additional grain processing during this the PPNA, 
suggesting that grinding activities may have taken place in extramural areas or that meal 
. preparations may have focused on the consumption of whole grains. 
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More extensive evidence for cereal processing has been identified from the Late 
PPNB macro botanical assemblage. Harvesting with a sickle is again suggested for 
immature predomesticated barley and for domesticated emmer wheat, followed by an 
intensive threshing/ dehusking step in which grains were separated from the chaff. A 
subsequent processing step, grinding grain into coarse fragments (known as groats), is 
evidenced by the presence of grain fragments with a bulging endosperm morphology 
indicative of pre-charring breakage. High percentages of ground cereals are found in 
many Late PPNB archaeological contexts at the site, notably one midden assemblage in 
which nearly 30% of fragmented grains exhibited evidence of processing. The abundance 
of ground grain at el-Hemmeh (along with a large number of ground stone quems and 
handstones) suggests that grain processing activities were frequently undertaken at el-
Hemmeh during the Late PPNB. 
8.3.6 Contributions and Significance 
The results of this study contribute to a growing database of Pre-Pottery Neolithic 
sites with substantial macro botanical evidence for cultivation activities and early plant 
domestication (Edwards et al. 2004; Kislev 1997; Kislev et al. 2006, 2010; Weiss et al. 
2006; Rollefson et al. 1985; Colledge 2001; Neef2004a). As the only archaeological site 
in Jordan with cultural deposits dating to both the PPNA and Late PPNB periods, el-
Hemmeh provides a unique opportunity to examine subsistence developments during 
these two penods within a relatively constant semi-arid environmental setting. 
Furthermore, the research at el-Hemmeh fills a geographical void in the archaeobotanical 
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record as one of the few PPNA sites located outside the Jordan Valley and Dead Sea 
Basin, and as the only currently known Late PPNB site from central Jordan with 
preserved macro botanical remains. 
The innovative field methods employed during the course of this project have 
resulted in a new flotation tank design that has been adopted at other archaeological 
projects in Alaska, Missouri, Mexico, Italy, Israel, Greece, and Syria (Shelton and White 
201 0; White and Shelton, in press). Moreover, the comprehensive collection methods 
answer recent calls for intensive spatial and vertical sampling of archaeological deposits 
at early Neolithic sites (e.g., Asouti and Fairbairn 2010), resulting in a greater 
understanding of contextual variability and site-specific issues of post-depositional 
disturbance and macro botanical preservation. Additionally, new methods of analysis have 
addressed the potential biases inherent in macro botanical identification techniques and 
provide a means for comparing seed identification rates between individual researchers. It 
is hoped that other archaeobotanists will employ a similar presentation as a means of 
identifying and addressing potential issues of compositional variability between Pre-
Pottery Neolithic archaeobotanial datasets. 
The contribution of this work to plant domestication studies is two-fold. Firstly, 
this research presents new macro botanical evidence for barley predomestication during 
the PPNA. Predomesticated barley has also been identified within the Late PPNB 
deposits at el-Hemmeh, indicating that the transitional predomestication stage of barley is 
not solely a phenomenon of the PPNA but likely continued for thousands of years. A 
careful review of the archaeo botanical literature from other PPNB sites in the southern 
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Levant suggests that predomesticated barley is also present at Beidha, Basta, and 'Ain 
Ghazal (Helbaek 1966; Neef2004a; Rollefson et al. 1985). Secondly, this dissertation 
presents evidence for fully domesticated emmer wheat at el-Hemmeh during the Late 
PPNB period. It is significant to note that emmer wheat cultivation at el-Hemmeh does 
not have a long history of local management. Instead, it is suggested that emmer wheat 
was taken under cultivation as a fully domesticated crop from the north. 
This research moves beyond a broad conceptualization of the Neolithic 
subsistence economy to examine the specific ways in which cultivated plants were 
routinely harvested and processed prior to consumption. Although similar studies of grain 
processing have been carried out at Neolithic and Early Bronze Age sites in Greece and 
Bulgaria (Valamoti 2002, 2011; Valamoti et al. 2008, Marinova 2006), this project 
provides the first evidence for grain grinding/pounding activities during the Pre-Pottery 
Neolithic period (in chapter 7, section 7.4.3). These examinations of small-scale botanical 
evidence have very large implications when considering the complex "entanglement" of 
behavioral, genetic, and morphological adaptations involved in early cultivation (sensu 
Fuller et al. 201 0) and the emerging complexities of agricultural development in 
Southwest Asia. For example, the careful examination of grain and chaff morphology 
offers critical insight into the domestication process of barley and the prolonged state of 
barley predomestication in the southern Levant, as well as the sequence of tasks carried 
out at el-Hemmeh during the Pre-Pottery Neolithic period in order to harvest, thresh, and 
dehusk cereals. 
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8.4 Future Research 
In order to better understand and interpret the macro botanical ~vidence from el-
Hemmeh, a number of suggestions for future research opportunities and projects can be 
made. Some of these suggestions are micro-scale in nature, dealing with the microscopic 
composition ofarchaeological deposits and the continued investigation of morphological 
criteria indicative of food processing. Other ideas for future research focus on identifying 
on- and off-site activity locations to examine the full suite of activities involved in plant 
cultivation. A macro-scale perspective encourages the integration of data from el-
Hemmeh with datasets from other Pre-Pottery Neolithic sites in order to compare the 
timing and intensity of agricultural developments across the region. 
A major contribution to the research presented here will undoubtedly be the future 
integration of multiple lines of archaeological evidence including faunal remains, 
microvertebrate remains, micromorphological studies, groundstone and lithic analysis, 
and other means of archaeobotanical investigation (e.g., wood charcoal, starches, and 
possibly phytoliths). Many of these analyses are already underway (see Chapter 4) and 
provide additional evidence for subsistence practices: for example, the presence of 
domesticated animals during the Late PPNB (Makarewicz, in press) and possible 
evidence for tuber processing during the PPNA (JV eber and Makarewicz 2011 ). 
Additional analysis of sediment micromorphology will likely provide considerable 
information regarding charring events, renovations and spatial infilling events, and post-
depositional factors affecting the preservation of macro botanical remains. Multi-
disciplinary studies at the Neolithic site of <;atalhoyUk, for example, have utilized a 
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combination of micromorphological, archaeobotanical, and geochemical techniques to 
reveal a wealth of evidence concerning site formation processes and the disposal of 
household waste (Shillito et al. 2011). 
The integration of macro botanical and faunal investigations is particularly 
intriguing for understanding Late PPNB subsistence practices at el-Hemmeh, where 
evidence for fully domesticated plants and animals suggests a developing agropastoral 
economy. Future research should address the articulation of these datasets, both in 
examining evidence for agricultural activities (e.g., the grazing of goats and sheep in 
fields following the harvest) and the overlap of these datasets in the archaeological record 
(e.g., charred seed assemblages reflecting the potential presence of dung fuel). As 
discussed earlier (see Chapter 7), preliminary analysis of oxygen isotope values indicates 
that domesticated sheep and goats at el-Hemmeh drank from a single water source 
throughout the year, suggesting limited herd mobility and a likely need for animal fodder 
during the winter months (C. Makarewicz, personal communication). The possibility that 
foddering evidence may be present in the macro botanical record- reflected in the very 
high numbers of small-seeded legumes recovered from the Late PPNB deposits - will be 
explored in future collaborations. 
This dissertation has made significant strides toward addressing the complexities 
of early cultivation practices, but one outstanding question pertains to the physical 
locations of subsistence activities both within and outside the site. Regarding the study of 
off-site activities, the locations of cultivated fields and the types of activities carried out 
to prepare these areas (tilling?) and manage plant growth (weeding, irrigating?) is largely 
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speculative (White and Wolff, in press). It has been suggested here that, during the 
PPNA, wild edible plants may have been tolerated or perhaps even encouraged to grow 
alongside cultivated species, presenting an idea of cultivation more similar to small 
garden-plots than a mono-cropped field. Macro botanical remains from the Late PPNB 
assemblage, however, indicate the presence of new weed types, the most abundant of 
which (e.g., Heliotropium, Ornithogalum) are associated with modem irrigated wheat 
fields (see Chapter 7). Recent phytolith research (Jenkins et al. 2011) has provided a new 
means of identifying high moisture levels in cultivated fields through the use of 
comparative ratios of cereal phytolith types. Although previous attempts to extract 
phytoliths from archaeological sediments at el-Hemmeh were unsuccessful, it is hoped 
that continued work in this direction (S. Weber) may lead to the retrieval ofphytolith 
remains and a greater understanding of growing conditions near the site. 
As noted during this research, the majority of archeological contexts sampled for 
this study are secondary or tertiary deposits that do not reflect in situ activities related to 
food processing and meal preparations. As excavations continue at el-Hemmeh, it is 
advocated that extramural areas outside ofPPNA structures be intensively sampled to 
determine whether processing tasks (such as the grinding of grain) and subsequent 
charring may have occurred within these areas. While such locations have been 
advocated as areas of food preparation during the PPNA (Wright 2000), archaeobotanical 
evidence for these activities is currently lacking. A similar situation is true for the Late 
PPNB contexts at el-Hemmeh, where a lack of in situ deposits and artifacts makes the 
identification of grain grinding and other food processing installations difficult to 
505 
determine. Combined micromorphological and archaeobotanical analyses may shed some 
light on these activity locations in the future, similar to studies carried out at the PPNB 
site of Ayn Abu Nuk:hayla where plant remains and milling equipment were found in 
close proximity (Albert and Henry 2004: 90). At the risk of focusing too heavily on 
activities associated with the processing of cereals, the scope of this research should be 
expanded to include legumes and wild plant taxa. Very preliminary investigations of 
legume processing at el-Hemmeh (e.g., boiling, pounding, and detoxification) suggest 
that evidence along these lines is present at the site during both periods of occupation and 
certainly warrants further exploration (see Chapter 7). As the macrobotanical dataset 
grows and new evidence is added to the picture of plant cultivation at el-Hemmeh, no 
doubt new research questions will emerge and contribute to our understanding of early 
Neolithic subsistence practices in the southern Levant. 
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Appendix. A 
Botanical Survey of the Wadi el-Hasa and Wadi 'Asal Region, Jordan, 2007 
Plant Collection Unit PC-01 
"Upper Slope" General Elevation: 300-1000 masl 
PC-01 Information: 
22 July 2007 
UTM: 36R 0749030 3455815 
Elevation: 841 masl 
Slope: 4 degrees sloping downward NW 
Description: 
A plant collection unit of 1 0 square meters was placed at the top of a steep-sided 
hillock offering a view of the surrounding hills and land toward the Ghor. A flint 
outcrop is located on the hilltop, and cultural materials (pottery sherds and flint 
flakes) were collected from the same unit (SU-2007-09, SC-01). The rocky 
feature is surrounded by modem Bedouin camps, although it is not clear if these 
families live in the area year-round. The Bedouin own sizeable sheep and goat 
herds which heavily graze the local landscape and have an obvious impact on the 
types of plant taxa represented in the collection unit. This was observable both in 
the state ofthe plants (chewed down to woody stems, 10cm above ground level) 
and the overrepresentation of thorny, inedible species. Goat and sheep dung is 
ubiquitous on the ground surface and further evidence of their pervasive effect on 
even difficult-to-reach terrain. There is no evidence that the collection unit area 
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ever served as an agricultural field, although the flat terrace-areas of the upper 
slope (below) are all farmed (Jiordeum distichum was noted). It is likely that the 
lack of topsoil in the collection unit is due entirely to overgrazing and subsequent 
erosion of the soils, with plant regrowth prohibited by continuous grazing and 
inadequate soil conditions. 
Taxa Collected in PC-01: 
No. Species Identification Abundance 
1 Artemisia herba-alba Abundant 
2 Noaea mucronata? Thorny saltwort Occasional 
3 Varthemia iphionoides (Common Varthemia) Rare 
4 Poaceae type 1; Little spiky spikelet grass Dominant 
5 Poaceae type 2; Little soft tufty grass Abundant 
6 Poaceae type 3 Abundant 
7 Eryngium glomeratum Rare 
8 Ballota undulata Rare 
1 August 2007 
Plant Collection Near Jebel Erseis 
Description: 
The site of C8-14 (Jebel er-Seis) is located on a gentle slope within the Upper 
Slope area. The site is bordered on the east by small tobacco fields which are 
plowed and manured but doing poorly. The local landscape is clearly overgrazed 
by sheep/goats, namely goats, evidenced by large herds seen moving through the 
site area on a daily basis. Large amounts of dung are present on the ground 
surface, and most plants are bitten down to their woody bases. The most common 
species is by far Artemisia herba-alba, followed by a number of small grass plants 
(unidentified) which have a patchy distribution. Local men from the town of 
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Kathrabba invited us to have tea with them in the old town dump near the site. 
They used Artemisia collected nearby as fuel to boil the water, and told us they 
also put the herb in the tea to cure ailments (called "shih"). Small thorny plants 
are visible, such as Noaea mucronata, as well as a few taller thistle species 
(unidentified). Due to overgrazing, many species are missing all leaves, stems, 
and other diagnostic parts, and identification is nearly impossible. Of these, 
Helianthemum sp. is likely, as also is Convolvulus (perhaps dorycnium), with long 
thin green stems (almost like Anabasis syriaca). A plant bitten down to its roots 
was noted, with tuberous roots broken open to a reveal yellow-orange interior; 
this may be Erodium hirtum. At least one specimen of Gymnocarpos decandrum 
was spotted, but many of these species are probably more abundant than is visible 
given the current state of the vegetation. 
No. Species Identification Abundance 
1 Artemisia herba-alba Dominant 
2 Noaea mucronata Frequent 
3 Convolvulus cf. dorycnium Rare 
4 Helianthemum sp. Rare 
5 Erodium cf. hirtum Occasional 
6 cf. Gymnocarpus decandrum Rare 
It seems unreasonable to describe only the flora without any regard for local 
animal species, especially given their noticeable effects on the landscape. Most 
prominent are herds of domesticated goats and sheep, between 50 ~o 100 
generally, which are herded along the dirt road as well as the hills near the site. 
Many of the Bedouin passing by on the dirt track utilize donkeys to carry jerry-
cans ofwater from the spring, 'Ain er-Seis, to the east. Another domesticated 
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animal is the Bedouin watchdog, which takes many sizes and shapes and is 
typically a vicious (and noisy) protector ofherds and camps. 
Wild animals include small birds (unidentified), lizards (unidentified), gazelle 
(Nubian Ibex or Gazelle?), wolves (Canis lupus pallipes) and hyenas (Hyaena 
hyaena syriaca). Frequently we witnessed hunters with shotguns or rifles heading 
down to the terrace area just northwest of the site. They told us they were going 
to hunt wild birds and gazelle. Hunting blinds were noted on the more northern 
part of the Upper Slope as well as near the spring, consisting of stone structures 
with brush covering their tops. While wolves were not seen by members of the 
project, a local Bedouin boy stopped by the site with a rifle and a mask shaped 
like a wolf's head created from the pelt of an Arabian wolf. Hyenas are also 
present in the Upper Slope, although dens were only seen by members of the 
project in the Foreslope and Ghor areas. A Bedouin man showed a member of the 
team a decapitated hyena's head which he had shot earlier that morning, and told 
us that he had killed it up in the hills near the site. This is confirmed by the single 
rifle shot we heard earlier that morning, about 3 0 minutes before the man arrived 
at the project area carrying the head in a plastic onion bag. 
Plant Collection Unit PC-02 
"Ghor" General Elevation: -3 80 to -90 masl 
PC-02 Information: 
23 July 2007 
UTM: 36R 0743114 3458185 
Elevation: -196 masl 
Slope: 3 degrees sloping downward W 
Description: 
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This collection unit does not consist of a 10 square meter area. Instead, it is an 
assemblage of species collected informally along a small, dry wadi cut over a 
distance of approximately 50 meters. No running water was available on the 
ground surface, although it is likely an underground spring or the annual flooding 
of the sniall wadi allowed for plant growth atypical for the Ghor. In addition to 
the obvious increase in species taxa, a medium-size tree was recorded along the 
dry cut (PC-02-0 1 ). Species abundance was not noted during collection, although 
PC-02-02 and PC-02-03 were the most frequently found along the banks. This 
sample was taken to be used in comparison with PC-03, which is reflective of the 
vegetation found over the vast majority of the surveyed area. With just a small 
amount of water, it is clear that many more species could be supported in the 
Ghor. The amount of animal grazing which occurs in the area is not clear; woody 
shrubs located farther up the wadi were clearly grazed, as were most of the 
sedge/grasses. This is likely due to local wildlife (hare seen) and perhaps the 
grazing of Bedouin herds in the spring, although no goats or sheep were seen 
during this collection. 
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Species PC-02-A was collected near the side of the gravel entrance road; there 
were a number of these plants, and they looked very healthy, despite the desolate 
landscape and the lack of other species nearby. 
Taxa Collected in PC-02: 
No. Species Identification Abundance 
1 Ziziphus spina-christi (Christ's Thorn) N/A 
2 Small shrub Artemisia sp.? N/A 
3 Thin sedge/ grass N/A 
4 Foeniculum vulgare (Common Fennel) N/A 
5 Aervajavanica? (Desert Cotton) N/A 
6 Echinops polyceras (Globe Thistle) N/A 
A Anabasis setifera (Anabasis) N/A 
Plant Collection Unit PC-03 
"Ghor" Elevation: -380 to -100 masl 
PC-03 Information: 
23 July 2007 
UTM: 36R 0743473 3458272 
Elevation: -167 masl 
Slope: 2 degrees sloping downward SW 
Description: 
A circular area measuring 10 square meters was laid out on a flat knoll of the 
barren Ghor reflecting the typical vegetation within Survey Block U15. The knoll 
contained a number of cultural features, including at least two lines oflarge stones 
(possible walls), pottery sherds, and an abundance oflithics. This plant collection 
unit was also collected for artifacts, SC-03. To the east, a substantial wadi 
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borders the knolL To the west, a 4x4 road which shows evidence of recent, 
considerable erosion is present. An abandoned Bedouin camp is located to the 
west of this road, and there is evidence of (likely) modem movement of surface 
stones and area clearing. This is compounded by large amounts of slopewash 
from wadi sides and a near lack of vegetation. Only three plant species were 
noted within the collection unit, two small grasses and one unidentified specimen 
which had been gnawed down to ground surface. This probably reflects earlier 
animal grazing, but it appears from PC-02 that the limiting factor of plant growth 
in the area is likely not temperature or overgrazing, but instead lack of water. If 
water inundation occurs during the spring, it is clear that any 0 horizon is quickly 
removed, leaving only stone pebbles and deflating any possible archaeological 
sites. 
Taxa Collected in PC-03: 
No. Species Identification Abundance 
1 Small Poaceae Abundant 
2 Tufty Poaceae Rare 
3 Tiny woody, mult. dead flowers Occasional 
Plant Collection Unit PC-04 
"Terrace" General Elevation: 0 to 400 masl 
PC-04 Information: 
22 July 2007 
UTM: 36R 0746772 3451709 
Elevation: 308 masl 
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Slope: 4 degrees sloping downward N/NW 
Description: 
Plants were collected in a circular 10 square meter area approximately 3 0 meters 
from the Roman road bisecting the terrace. This location was chosen because it 
represented the typical vegetation of the terrace region and its gently sloping 
terrain. Some goat/sheep dung was noted, mostly along the road, and edible 
plants were bitten down in a few cases to their woody stems. However, other 
plants were seen flowering, and visible re-growth seems to suggest that grazing 
by domesticated animals, if present, is not intensive. This is further implied by a 
large number and variety of small grasses within the collection area. One of the 
most noteworthy aspects of the terrace area is its isolation from both below and 
above elevations. The lower slope bordering the terrace is in many places sheer 
cliffs. Although goats could potentially make this difficult trek without their 
shepherds (and a few paths were seen), it would clearly be an excruciating walk 
from theN and NW. From the south, descending onto the terrace from the upper 
slope is also difficult, even when following the switchbacks of the Roman road. 
Hunters were seen heading down to the terrace from the upper slope on a number 
of occasions, and they reported to us that they were going to hunt gazelle and 
birds. Evidence of Bedouin occupation was visible in the way of carvings on 
sandstone outcrops, bullets and cartridges, and cleared areas for tent camps. 
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Along the old Roman road (dirt track), it is clear that a few plants have taken to 
this relatively disturbed soiL Two interesting plants recorded are Citrullus 
colocynthis (Colocynth) and Cucumis prophetarum (Globe Cucumber), both of 
which are reported to be poisonous by our representative from the Department of 
Antiquities. He reported that if one eats the fruit of Colocynth, they will be crazy 
for 50 days. Another plant growing in abundance along the roadside is Old 
Friend (not as yet identified), which is not eaten by animals. This species created 
a green strip on either side of the roadway (see photo) but was not recorded in the 
collection area. It was also noted that, in drainage areas between gentle hills, 
some green grasses and large thorny plants were growing which were not present 
on the typical terrace steppe. 
Taxa Collected in PC-04: 
No. Species Identification Abundance 
1 Dense woody thorny Occasional 
2 Dead thorn indet. Abundant 
3 Check specimen Abundant 
4 Clover-type plant? Rare 
5 Noaea mucronata Rare 
6 Poaceae type 2 Occasional 
7 Poaceae type 1; Loose, separate spikes Dominant 
8 Poaceae ty12_e 3 Occasional 
9 Citrullus colocynthis (Bitter Gourd) Rare; in road 
10 Cucumis prophetarum Rare; roadside 
11 Artemisia herba-alba Abundant; roadside 
Plant Collection Unit PC-05 
"Lower Slope" General Elevation: -200 to 300 masl 
PC-05 Information: 
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24 July 2007 
UTM: 36R 0746901 3451654 
Elevation: 286 masl 
Slope: 45 degrees (average) sloping eastward, steeper in parts 
Description: 
Due to the steep nature of the Lower Slope terrain, it was nearly impossible to 
collect plant species in a systematic manner or to lay out a 10 square meter 
collection area. Instead, we climbed do-vvn a steep hillslope to the rocky outcrops 
characteristic of the Lower Slope region (see photo) and took photos of plants 
within visible range. These plants all consisted of thorny species, abundant in 
patches and often tangled together. While this may reflect typical vegetation for 
steep slopes, horizontal goat paths were noted among the rock outcrops and may 
indicate grazing on the slopes. These paths may also indicate the presence of 
gazelle, which hunters in the area profess to still exist on the terrace/lower slope. 
It is unlikely that any human modification could have taken place on these slopes, 
except for potential slopewash from upslope agriculture (also not noted). 
Taxa Collected in PC-05: 
No. Species Identification Abundance 
1 Low, viney thorn N/A 
2 Zilla spinosa Low gray thorn N/A 
3 Spiny thin leaves, tall stem for flower N/A 
4 cf. Alhagi (camel thorn) Star fruits, opposite N/A 
thorns 
5 Echinops sp. N/A 
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Plant Collection Unit PC-06 
"Foreslope" General Elevation: -300 to 0 masl 
PC-06 Information: 
25 July 2007 
UTM: 36R 0745975 3459154 
Elevation: 21 masl (where we ended our hike into the wadi E) to mouth at -16 masl 
(where sluice gates divert water just east ofDhra'). Beneath the sluice gates, 
substantial erosion has cut the wadi channel at least 20 meters deeper than the 
elevation ofDhra' (also -16 masl). 
Slope: irregular, downward slope W generally (flowing SW at mouth and NW farther up 
the wadi channel). 
Description: 
In order to understand the botanical resources available near the PPNA site of 
Dhra', plants were collected along the banks of the Wadi Dhra' during a hike 0.5 
kilometers eastward into the wadi from its mouth. While this area falls outside 
the Survey Block UlO, and is bordered on both sides by the steep cliffs of the 
Lower Slope, it has a separate ecological designation as Wadi. No effort was 
made to collect all taxa or to accurately record their relative abundance; species 
were instead collected to reflect the general ecology of the subtropical conditions 
and to compare with historical accounts of the Ghor wadi system (Harlan 1980). 
It will also be interesting to consider the botanical report of the modem vegetation 
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near the Wadi Feynan spring (Mithen et al. 2007) and to note the possible 
resources available to PPNA communities there. 
Most plant species were collected within 50 meters of the western point hiked in 
the wadi (UTMs given), where the running water was restricted by a deeply cut 
channel in the rock face, with gravel or sand at the wadi bottom. Intact soil 
horizons were noted on some slopes in the wadi, particularly one area where a 
higher wadi was clearly seeping water into the Wadi Dhra' through a dense 
growth ofreeds, sedges, and tall grasses. While Nerium oleander was located in 
abundant quantities at the mouth and lower elevations of the wadi (perhaps 
reflecting more human disturbance?), many specimens of Phoenix dactylifera 
were seen in the higher elevations of the wadi, especially to the west where dense 
stands were visible beyond the end of the hike. Some goat dung was seen on the 
rocks in the wadi, and the palm fronds and grasses were bitten down in certain 
locations. Generally, however, the amount ofhuman and domesticated animal 
modification seems to be limited to the mouth and westward areas of the wadi cut. 
Temperatures were extremely high even in the early morning ( + 100° F), although 
it is clear that the steep cliffs offer some shade, as do the large boulders strewn 
throughout the wadi. It was also significantly more humid in the channel than at 
the mouth of Wadi Dhra'. 
Taxa Collected in PC-06: 
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No. Species Identification Abundance 
1 Phoenix dactyl(fera (Date Palm) Abundant 
2 Echinops polyceras (Globe Thistle) Occasional 
3 Alhaf{i maurorum (Camel Thorn) Abundant 
4 Carthemus tenuis Flowering thistle Rare 
5 Ononis spinosa Green thin thorn Rare 
6 Phraf{mites australis (Common reed) Occasional 
7 Arundo donax? (Giant reed) Occasional 
8 Helianthemum sp. Occasional 
9 Dittrichia viscose? Bright green smells good Rare 
10 1m sedge Abundant 
11 Moringa peregrina? Small tree Occasional; rocky areas 
12 Artemesia herba-alba Dominant 
13 Nerium oleander Abundant 
Plant Collection Unit PC-07 
"Foreslope" General Elevation: -300 to 0 masl 
PC-07 Information: 
25 July 2007 
UTM: 36R 0745491 3459119 
Elevation: -8 masl 
Slope: Not recorded, goat path running N/S along Lower Slope/Foreslope border 
(sloping downward N, 20 degrees). Slope along the western edge of the pathway 
toward the Ghar was extremely steep, at least 45 degrees, before becoming a 
more relatively gentle, undulating slope between small wadi cuts and denuded 
hillocks. 
Description: 
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Plants collected in this area were selected along a modem goat path following the 
border between the upper Foreslope and the steep Lower Slope. It is likely that 
this road, given its width and current state of deterioration, was created for 
military access of Saudi tanks during the Six Days War in 1967. However, it is 
possible that the military road is located along an older route which linked the 
Foreslope with the upland Terrace. Although this route was not traversed higher 
than the Lower Slope during this survey, the path does follow the dry wadi slope 
due east toward the higher elevation terrain. Plant species were not collected on 
the steep slope along the pathway, because I saw the same species types as on the 
pathway (Old Friend) but in much lower abundance. The two most abundant 
species on the pathway were Artemisia (Artemisia herba-alba) and Anabasis 
(Anabasis setjfera). A few specimens of Anabasis syriaca were also noted. One 
specimen ofBushy Bean Caper(?) was seen and collected. Vegetation was 
relatively more dense on the pathway than off, possibly due to soil disturbance or 
the increased presence of goat dung. Near the Mazra'a-Karak road, two smallish 
specimens of Calotropis procera (Calotropis) were visible near the gravel tum-
offs for a Bedouin camp and the Dhra' cistern. 
Taxa Collected in PC-07: 
No. Species Identification Abundance 
1 Zygophyllum dumosum (Bushy Bean Capel) Rare 
2 Artemisia herba-alba Dominant 
3 Anabasis setffera Abundant 
4 Anabasis syriaca Few 
5 cf. Calotropis procera Occasional; roadside 
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AppendixB 
Flotation Sample Provenience Information 
Flot. # Database# Locus E/N Coordinates Top Elev. Bot. Elev. 
3003 FL-305-2 305 469E228N 465.35 465.27 
3004 FL-305-1 305 469E228N 465.35 465.27 
3035 FL-333-1 333 463E229N 463.5 463.45 
3038 FL-378-2 378 462E225N 463.98 463.86 
3047 FL-353-1 353 461E228N 463.34 463.32 
3054 FL-410-1 410 462E227N 463.33 463.24 
3055 FL-422-1 422 467E226N 463.38 463.36 
3056 FL-353-1 353 461E228N 463.34 463.32 
3058 FL-408-1 408 461E226N 463.28 463.1 
3059 FL-353-2 353 462E228N 463.32 463.3 
3066 FL-410-3 410 462E226N 463.37 463.28 
3068 FL-422-2 422 468E225N 462.56 462.54 
4000 FL-07-01 455 466E237N 463.92 463.86 
4001 FL-07-02 461 466E237N 463.74 463.65 
4002 FL-07-08 461 467E237N 463.83 463.72 
4004 FL-07-03 464 472E227N 463.37 463.17 
4006 FL-07-11 Feature 32 429/430E 187N 453.64 453.56 
4009 FL-07-06 485 469E226N 463.87 463.69 
4010 FL-07-09 464 473E227N 463.37 463.17 
4011 FL-07-17 506 230N units ofS_p.12 462.91 same 
4012 FL-07-14 489 468E227N 464.49 464.45 
4013 FL-07-22 492 461E227N 463.10 462.90 
4014 FL-07-21 481 462E228N N/A N/A 
4015 FL-07-16 485 469E226N 463.69 463.44 
4016 FL-07-10 470 466E237N 463.23 463.13 
4019 FL-07-23 492 462E227N 463.10 462.93 
4022 FL-07-79 715 429E 188N 453.58 453.48 
4023 FL-07-49 717 429E 188N 453.58 453.48 
4025 FL-07-53 717 429E 188N 453.58 453.48 
4026 FL-07-46 720 430E 193N 454.63 454.57 
4027 FL-07-86 710 429E 188N 453.76 453.68 
4029 FL-07-39 715 429E l88N 453.68 458.58 
4030 FL-07-80 563 467/468E 225N 461.10 same 
4032 FL-07-44 718 429E 188N 453.48 453.38 
4035 FL-07-83 732 428E 187N 453.11 453.08 
4037 FL-07-50 715 430E 188N 453.73 453.70 
4040 FL-07-78 729 428E 187N 453.23 453.11 
4042 FL-07-63 721 429E 188N 453.27 453.17 
4043 FL-07-47 721 429E 188N 453.38 453.28 
4044 FL-07-45 718 429E 188N 453.48 453.38 
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Flot. # Database# Locus E/N Coordinates Top Elev. Bot. Elev. 
4045 FL-07-87 717 429E 188N 453.58 453.48 
4048 FL-07-43 715 430E 188N 453.66 453.60 
4049 FL-07-89 713 430E 188N 454.79 454.63 
4051 FL-07-67 721 429E 188N 453.17 453.09 
4053 FL-07-89 713 430E 188N 454.79 454.63 
4055 FL-07-30 702 430E 188N 454.20 454.10 
4056 FL-07-57 721 429E 188N 453.38 453.28 
4057 FL-07-93 710 429E 188N 453.70 453.68 
4060 FL-07-73 719 429E 188N 455.09 454.76 
4061 FL-07-91 790 429E 193N N/A N/A 
4063 FL-07-18 513 472E227N 463.55 463.50 
4064 FL-07-20 487 470E225N 462.92 462.85 
4065 FL-07-29 530 470E224N 462.23 462.17 
4066 FL-07-77 1000 Courtyard (1 000) 61- 63-
4067 FL-07-74 560 468E229N 462.57 462.46 
4068 FL-07-69 560 468E229N 462.57 same 
4070 FL-07-72 562 467E226N 462.23 462.21 
4072 FL-07-76 1000 Courtyard (1000) 44- 46-
4074 FL-07-75 563 468/467E 225N 461.25 n/a 
4075 FL-07-82 1001 Courtyard (1000) 103- 105-
4078 FL-07-36 707 430E 188N 454.96 454.94 
4079 FL-07-34 527 469E228N 463.76 same 
4080 FL-07-68 555 473E227N 462.79 462.59 
4084 FL-07-31 485 469E226N 463.28 463.14 
4085 FL-07-24 506 "SQ_ace 12" 462.81 462.52 
4086 FL-07-35 518 473E 226N 463.54 463.16 
4088 FL-07-81 1000 Courtyard (1 000) 100- 103-
4089 FL-07-19 513 472E227N 463.18 462.98 
4092 FL-07-25 491 471E225N 462.52 462.46 
4093 FL-07-26 491 471E225N 462.40 462.37 
4094 FL-07-60 553 470E224N 462.24 462.12 
4095 FL-07-28 491 471E225N 462.33 462.32 
4096 FL-07-41 508II 471E226N 462.41 462.24 
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Appendix C 
Percentage distributions including the Fruit and Nut category 
PPNA deposits (seven contexts with highest densities of charred plant material): 
Non-Wood Plant 
Taxa Categories 715a 717b 718 719 720 721 790 
Total cereal grains 37.1 62.8 44.4 59.5 40.3 54.7 57.4 
Total chaff 4.0 4.1 5.1 4.0 1.8 1.2 2.7 
Total large legumes 11.9 8.0 13.5 1.6 1.9 11.0 2.0 
Total small legumes 0.0 1.1 1.3 2.4 1.0 2.7 1.4 
Total wild grasses 11.3 4.3 4.8 4.8 3.6 5.3 6.1 
Total wild/weedy 
taxa 6.0 4.3 8.0 3.5 2.6 5.1 1.4 
Total fruit and nut 29.8 15.5 22.9 24.3 48.8 20~1 29.1 
100% 100% 100% 100% 100% 100% 100% 
Late PPNB deposits (all contexts): 
Non-Wood Plant 
Taxa Categories 141 145 305 333 353 378 408 
Total cereal grains 10.5 24.6 0.0 74.4 14.6 10.7 34.6 
Total chaff 10.5 20.4 0.0 7.8 31.8 5.5 13.6 
Total large legumes 0.0 4.4 0.0 11.6 1.9 3.9 3.7 
Total small legumes 21.1 21.2 0.0 0.8 1.6 26.9 22.2 
Total wild grasses 52.6 4.4 0.0 0.0 2.2 1.3 1.2 
Total wild/weedy 
taxa 5.3 5.5 0.0 0.8 1.6 3.6 4.9 
Total fruit and nut 0.0 19.5 0.0 4.7 46.2 48.2 19.8 
100% 100% 100% 100% 100% 100% 100% 
Non-Wood Plant 479-
Taxa Categories 410 422 455 461 464 470 481 
Total cereal grains 16.1 16.2 10.0 33.8 59.3 19.6 82.6 
Total chaff 9.7 8.4 25.0 9.2 15.1 8.9 4.3 
Total large legumes 3.2 6.5 10.0 4.6 3.5 3.6 2.2 
Total small legumes 33.9 44.8 25.0 23.1 5.8 51.8 4.3 
Total wild grasses 1.6 0.6 0.0 12.3 0.0 0.0 4.3 
Total wild/weedy 
taxa 4.8 1.9 10.0 1.5 0.0 0.0 0.0 
Total fruit and nut 30.6 21.4 20.0 15.4 16.3 16.1 2.2 
100% 100% 100% 100% 100% 100% 100% 
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Non-Wood Plant 
Taxa Categories 485 487 489 491 492 506 508 
Total cereal grains 16.7 37.4 25.0 36.9 8.7 32.0 15.6 
Total chaff 10.6 13.2 15.5 11.6 2.4 10.7 7.8 
Total large legumes 2.1 2.2 3.6 1.0 4.7 4.9 7.8 
Total small legumes 39.7 17.6 22.6 23.9 53.5 25.2 47.8 
Total wild grasses 1.4 3.3 3.6 9.6 0.0 1.9 1.1 
Total wild/weedy 
taxa 5.7 1.1 4.8 0.7 8.7 1.9 5.6 
Total fruit and nut 23.8 25.3 25.0 16.4 22.0 23.3 14.4 
100% 100% 100% 100% 100% 100% 100% 
Non-Wood Plant 518-
Taxa Categories 513 530 527 553 555 560 562 
Total cereal grains 35.9 35.5 44.0 16.7 87.6 11.9 16.0 
Total chaff 9.1 11.3 20.0 5.3 4.5 6.5 1.6 
Total large legumes 2.2 1.6 4.0 9.6 0.4 2.5 2.7 
Total small legumes 29.0 29.0 14.0 50.0 3.7 45.8 61.5 
Total wild grasses 0.4 1.6 0.0 0.0 0.2 0.5 0.0 
Total wild/weedy 
taxa 4.7 1.6 2.0 11.4 0.9 4.0 5.9 
Total fruit and nut 18.8 19.4 16.0 7.0 2.6 28.9 12.3 
100% 100% 100% 100% 100% 100% 100% 
Non-Wood Plant 
Taxa Categ_ories 563 1000 1001 
Total cereal grains 9.9 19.1 10.8 
Total chaff 4.5 12.7 4.6 
Total large legumes 0.0 2.8 4.6 
Total small legumes 59.5 20.3 46.2 
Total wild grasses 1.8 8.8 0.0 
Total wild/weedy 
taxa 6.3 3.2 6.2 
Total fruit and nut 18.0 33.1 27.7 
100% 100% 100% 
' 
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